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Description 

HIV PROTEASE INHIBITORS USEFUL FOR THE TREATMENT OF AIDS 

The present Invention Is c ncemed with c mp unds which Inhibit the protease encoded by human 
Immunodeficiency virus (HIV) or pharmaceutlcaHy acceptable salts thereof and are of value In the prevention of 
Infection by HIV, treatment of Infection by HIV and the treatment of the resulting acquired Immune deficiency 
syndrome (AIDS). It also relates to pharmaceutical compositions containing the compounds and to a method 
of use of the present compounds and other agents for the treatment of AIDS. 

BACKGROUND OF THE INVENTION 

A retrovirus designated human Immunodeficiency v|rus (HIV) Is the etiological agent of the complex disease 
that Includes progressive destruction of the immune system (acquired immune deficiency syndrome; AIDS) 
and degeneration of the central and peripheral nervous system. This virus was previously known as LAV, 
HTLV-III, or ARV. A common feature of retrovirus replication is the extensive post-translational processing or 
precursor pqlyprotelns by a virally encoded protease to generate mature viral proteins required for virus 
assembly and function. Interruption of this processing appears to prevent the production of normally 
Infectious virus. For example, Crawford, S. et al ., J, Virol.. ^. 899,. 1985, demonstrated that genetic deletion 
mutafions of the protease In murine leukemia virus which prevent processing of precursor structural proteins 
results In non-Infectious viral particles. Unprocessed structural proteins also have been observed In clones of 
non-infectious HIV strains Isolated from human patients. These results suggest that Inhibition of the HIV 
protease represents a viable method for the treatment of AIDS or the prevention of infection by HIV. 

Nucleotide sequencing of HIV shows the presence of apol gene In one open reading frame [Ratner, L etal., 
Nature, 313, 277(1985)]. Amino acid sequence homology provides evidence that the gol sequence encodes 
reverse transcriptase, an endonuciease and an HIV protease [Toh, H, et al ., EMBO J. 4, 1267(1985); Power, 
M.D. etal., Science, 1667(1986); Peart, LH, etal. Nature 329, 351(1987)]. Applicants demonstrate that the 
compounds of this Invention are Inhibitors of HIV protease. 

BRIEF DESCRIPTION OF THE INVENTION 

Compounds of formula I. as herein defined, are disclosed. These compounds are useful In the inhibition of 
HIV protease, the prevention of Infection by HIV, the treatment of infection by HIV and In the treatment of AIDS, 
either as compounds, pharmaceutlcally acceptable salts, pharmaceutical composifion ingredients, whether or 
not In combination with other antlvirals, Immunomoduiators, antibiotics or vaccines. Methods of treating AIDS 
and methods of preventing or treating Infection by HIV are also disclosed 

ABBREVIATIONS 



P^giRnatipn Amino Acid/Residue 

Ala D- or L-alanine 

Arg D- or L-arginine 

Cal (Cha) B-cyclohexylalanine 

Cys D- or L-cysteine 

Gly glycine 
His . D- or L-histidine 

lie L-isoleucine 

Leu D- or L-leucine 

Lys D- or L-lysine 

Met D- or L-methionine 
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Pesignmon Amino Acid/Residue 

Nle L-norleucine 

Nva L-nor valine 

Orn D- or L-orni thine 

Ph phenyl 

Phe D- or L-phenylalanine 

Pro D- or L-proline 

Sar sar cosine (N-methylglycine) 

Ser * D- or L-serine 

Sta statine. (3S.4S)-4-amino-3- 

hydroxy-6-raethylheptanoi.c 

acid . ^ 

Thr D- or L-threonine 

Trp D- or L-tryptophan 

Tyr D- or L-tyrosine 

Val L-valine 

Protecting Grovp 

BOC (Boo) t-butyloxycarbonyl 

BOM benzyloxyraethyl 

CBZ (Cbz) benzyloxycarbonyl(carbo- 



benzoxy) 

2,4-dinitrophenyl 
isopropoxycarbonyl 
methyl ether (methoxy), 
except when it immediately 
follows an amino acid residue 
abbreviation and it 
represents methyl ester. 



DNP 

IPOC 

OMe 



3 
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Defsi gnat ion 
OEt 



TBDMS-Cl 



HBT(HpBT) 
OMs 



Reagent 

ethoxy, except when it 
immediately follows an amino 
acid residue abbreviation and 
it represents ethyl ester 
t-butyldimethylsilyl chloride 

'Activating flyoiip 
l-hydroxybenzotriazole hydrate 
methane sulf oriyloxy 



DCCI (DCC) 
DPPA 



Condens ing Agent 
dicyclohexylcarbodiimide 
d iphenylphosphorylaz i d e 



(B0C)20 

DEAD 

MCPBA 

TEA 

TEA 



di-t-butyl dicarbonate 
diethyl azodicarboxylate 
3-chloropenoxybenzoic acid 
triethylamine ' 
trif luoroacetic acid 



BOP reagent 



BOP-Cl 
DSO 



Lng Rea gQntg^ 
benzotriazol-l-yloxytris- 
(d imethyl-amino )phos- 
phonium hexaf luoro- 
phosphate 

b i s ( 2-OXO-3 -oxazol i d i ny 1 ) 
phosphinic chloride 
N , N ' -d i succ inimi dyl 
bxalate 



PesigQation 

EDC 



Reaggnt 

l-ethyl-3-(3-dimethyl- 

aminopropyl)carbodiimide 

hydrochloride 
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DETAILED DESCRIPTION OF THE I^JVE^fnON AND PREFERRED EMBODIMENTS 

This Invention Is concerned with the use of Compounds f Formula I, combinations thereof, or 
pharmaceutically acceptabi salts thereof, In the Inhibition of HIV pr tease, the prevention of infection by HIV. 
the treatment of Infection by HIV and In the treatment of the resulting acquired immune deficiency syndrome 
(AIDS). Compounds of Formula I are defined as follows: s 
A-G-B-B^ I. 
wherein A Is 
1) 

o 

R1-C- wherein RMs . 

a) Ci-e alkyi either unsubstituted or substituted with one or more of 

I) CiMall<yl; 

II) hydroxy; 

ill) carboxy; i 

Iv) halo wherein halo Is F, CI, Br, or I; except no halo on carbon adjacent to carbonyl; is 
v) amino; 

vl) Ci-3 alkoxycarbonyl; 
vll) Ci-3 alkoxy; 

viii) -CONR2R3 wherein R2 and are the same or different and are hydrogen, Ci-6 alkyi or C1-5 alkoxyalkyl or 
joined together either directly to form a 5-7 membered heterocycle such as pynrolldlnyl or piperldyl, or through 20 
a heteroatom selected from N. 0, and S, to form a S-membered heterocycle with the nitrogen to which they are 
attached such as morphollnyl, piperazlnyl, or N-C1-3 alkylpiperazlnyl; 

bC>-NR2R3; 

x) -P-R^ wherein, 

R 25 
R Is hydrogen or C1-4 alkyi, 



30 



P Is 








0 


s 


0 


NR 


II 


It 


II 


11 


-C-. 


-C-. 


-S-. 


-C-. 



s 



and 35 
R4 Is H. Ci-o alkyi, C1-4 alkoxy. or NR^RS; 
xi) Ca-r cycloalkyi or Ce-io aryl; 

xli) 5 or 6 membered heterocycle, unsubstituted or substituted with -OH, NH, or C1-4 alkyi; or 
xiii) aryl of 6-10 carbon atoms, either unsubstituted or substituted with one or more of 

(a) halo, 40 

(b) hydroxy, 

(c) C1.3 alkoxy, 

(d) Ci-3 alkyi, 

(e) -NR2, wherein R Is defined above, 

(f) 45 
0 

-cOR. 

(g) . 

-C.-NR2, 50 

(h) -SO2NR2. 
(I) -CH2NR2. 
(J) 



s 



-N-C-R, 
I 

R 

or 60 
(k) -M -SO2R: 

' R 

xiv) -OSIR3(R2)2: 

b) aryl of 6-10 carbon atoms, either unsubstituted or substituted with one or more of 

1) C1-4 alkyi. 65 
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II) Ci-3 alkoxy, 
Ifl) hydroxy, or 
Iv) halo: • 
V) -NR2; 
5 vO 
0 

n 

-COR, 

v!i) 

W -CNRa. 

vHI) -SO2NR2, 
Ix) -CH2NR2. 

X) -NRCOR, or * 
xl) -NRSO2R; 

15 0) 5 or 6 membered heterocycle as defined below; * 

2) R^.S02-, except Ri Is not aryl. 

3) . 



20 R^-N-S02-, 
r5 



25 



30 



35 



40 



wherein 

RS Is H or C1-5 alkyi or Joined together with R^ either directly to form 5-7 membered heterocycle such as 
pyrrolldinyl or piperidlnyl. or through a heteroatom selected from N, O, and S. to form a 6-membered 
heterocycle with the nitrogen to which they are attached such as morphoiinyl, piperazlnyl, or N-C1-3 alkyl- 
piperazinyl; 
4) 

0 

r1_N-C- ; 

5) 

0 

R^-S-C..; 

6) (R^-)q wherein q is 1 or 2. 
G is 



45 



H 
I 



z 

II 



or 



H 



5I2 



o 

II 



so wherein Z is 0, S, or HH. and 
R® Is independently 
1) hydrogen; 
2) 



55 



60 




3) -OR. Wherein R is H, or Ct^ alky! 

4) -NR2. 

5) C1-4 alkyiene-Rti; 

wherein n Is 0-5 and R^o Is independently 
65 a) hydrogen. 
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b) hydroxy, or 

0) Ci-4-alkyl; 
R^i Is 

a) hydrog n 

b) aryl, unsubstjtuted or substituted with one or more of 

1) halo, 

11) *iydroxy, 

ni) -NH2. -NO2. -NHR, or -NR2. 

wherein R is 

H, or C1-4 alkyi, 

iv) C1-4 alkyl, 

V) C1-3 alkoxy. 

vl) -COOR, 

vll) I 
0 

-CNR2. 

vlll) -CH2NR2. 

Ix) 

0 

-CH2NHCR, 
X) CN, 
xi) CF3. 
xli) 

0 

-NHC R, 

xiii) aryl C1-3 alkoxy, 

xlv) aryl. 

XV) -NRS02R, 

xvl) -0P(0){0Rx)2 wherein Rx Is K or aryl, or 
xvll) 

0 

-O-c-Ct-4 alkyl substituted with one or more of amine or quaternary amine; 

c) 5 or 6 membered heterocycle Including up to 3 heteroatoms selected from N, O, and S, such as Imldazolyl, 
thiazolyl, furyl, oxazolyl, piperldyl, thiadiazolyl, piperazlnyl. pyrldyl, or pyrazlnyl, any of which heterocycle may 
be unsubstituted or substituted with one or more of 

i) halo. 

li) hydroxy, 

fil) -NH2. -NHR, -NR2, 

Iv) C1-4 alkyl. 

v) C1-3 alkoxy, 

vi) -COOR. 
vll) 

0 

-•c:NR2, 
vlii) -CH2NR2, 

IX) 

-nhIr, 

X)-CN, • : 

xD.CFs. 

xll) -NHSO2R. 

xiii) -OP(0)(0Rx)2 wherein Rx Is H or aryl, or 
xlv) 

0 

0 

-O- C-C1-4 alkyl substituted with one or more pf amine or quaternary amine; 

d) Ci^ alkyl or Ci-e alkenyl, unsubstituted or substituted with one or more of 
i) hydroxy, 

II) Ci^ alkyl, 

III) -NH2, -NHR, -NR2. 

Iv) . 

NH 
-NHCH , 
V) 

-NH- C-. NH2, 
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vl) -COOH. 
vll) 
0 

- COR, 
5 viii) -SR, r arylthlo 
ix) -SO2NHR. 

X) C1-4 alkyl sulfonyl amino or aryl sulfonyl amino, 
xl) -CONHR. 
xli) 
10 0 

-NHCR, 

xlii) -OR. 1^ 
xlv) aryl C1-3 alkoxy or, 

XV) afyl; , 
IS e) G3-7 cyciodkyi unsubstituted or substituted with one or more of 
I) hydroxy, 
n) Ci-4alkyl, 
ni) -NH2, -NHR. -NHR2. 
fv) 

20 m , 

-NH- CH , 
V) 

NH 

-NH- C- NH2, 
25 Vl) -COOH. 
vif) 

0 

a 

-C-OR, 
vlll)-SR. 
30 be) -S02NH2, 

x) alkyl sulfonylamfno or aryl suifonylamino, 

xi) -CONHR. or 
xli) 

0 

55 -NHCR; 

f) a 5- to 7-membered carbocycllc or 7- to 10-membered bicycllc carbocycllc ring which Is either saturated or 
unsaturated, such as cyclopentane, cyclohexane, Indan, norbomane, or naphthanene, the carbocycllc ring 
being unsubstituted or substituted with one or more of . 
0 halo 

40 ii) -OR, wherein R Is H or C1-4 alkyl. 

m 

-loR. 
iv) 



v) -CH2NR2. 

vi) -SO2NR2 or -S(0)y R wherein y Is 0,1 or 2, 
vfl) -NR2, 

50 vfii) 

0 

-NHCR, 
be) C1-4 alkyl. 
x) phenyl, 
55 xl) -CF3. or 
Xli) 
R 

-A-SO2R; 

g) benzofuryl; indolyl; azablcycio C7-11 cycloalkyi; or benzoplperldlnyl; 
60 R^2 (s or .NHR13, wherein R^^ |s .h, 
0 

- cH. -Ci-4-aIkyl or -COOR; and 
@\s 

1) C3-7 cycloalkyf. either unsubstituted or substituted with one or more of 
65 a) Ci-4alkyl, 



8 
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b) hydroxy, 

c) -NR2, 

d) ^OR. 

e) CONHR, 

f) -NHSO2R, 

g) 

. 0 
-NHCR, 
h) aryl. 

1) aryl substituted with C1-4 alkyl, 
J) heterocycle. or 

k) heterocycle substituted with Ci^ alkyl; 

2) phenyl either unsubstltuted or substituted with one or more of 

a) hydroxy, I 

b) -OR, 

c) -NHR13, 

d) -COOR. 
e) 



-c NR2, or . ' 

f) * 
0 

-NHCR; 

3) 5 to 7-membered heterocycle such as Imldazolyl, thiazolyl. furyl. oxazolyl, plperidyl, piperazinyl. pyridyl. 

pyrazlnyl, any of which heterocycle may be unsubstltuted or substituted with one or more of 

1} halo, 

li) hydroxy. 

Hi) NR2, or 

Iv) Ci-4 alkyl; 

Q is 

OH HHH«' W 

wherein R^ and R^^ are defined above; X Is O, S, or NH; and 
Wis 

1) OH, 

2) NH2. 

3) OR, or 

4) NHR; 

B Is. Independently, absent, or 
-NH Z 

J Is 

I) YR^^ wherein: 
Y Is 

O or NH, and 
Ri< Is 

a) H; , 

b) alkyl, unsubstltuted or substituted with one or more of 
i) -NRl. 

II) -OR. 

III) -NHSb2Ci^ alkyl, 

fv) -NHSO2 aryl, or -NHSO2 (dlalkylamlnoaryl), 
V) -CH2OR, 
vl) C1-4 alkyl, 
vll). 

J-OR, 



EP 0 356223 A2 



viiQ 
0 

-C NR2. 
Ix) 



-NH. 



NR2: -NH^^NR2^ 



to 



IS 



X) 

0 

-NHCR. 
XI) 



-NSO2CH3 , 



N 
\ 



CN 



20 xR) 
-NH. 

25 



xili) -NR3®A® wherein A® Is a counterion. 

xlv) -NRI6RI6 wherein Ris and Rie are the same or different and are C1-5 alky! Joined together directly to form 
a 5-r membered heterocycle, 
XV) aryl, 
30 xvl) -CHO, 

xvil) -0P(0)(0Rx)2 wherein Rx Is H or aryl. or 
xvlii) 



40 



45 



-O-c -C1-4 aikyi substituted with one or more of amine or quaternary amine: 
35 c) -(CH2CH20)„CH3 or -{CH2CH20)„H; 

2) -N{R14)2. 

3) -NRI6RI6 wherein R^s and Rie are defined above, or 
4) 



r17 
I 

y_4«C 

A" 



n 



wherein: 

Y, Ri<. and n are defined above, and 
$0 R^7 is 

a) hydrogen; 

b) aryl unsubstltuted or substituted with one or mora of 

I) halo, 

II) -OR. wherein R Is H or C1-4 alkyl. 
55 Hi) 

0 

-COR, 
0 

60 -c:nR2, 

V) -CH2NR2, 
vl) -SO2NR2. 
vli) -NR^ 
vlll) 

65 



10 
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-NH R, 

IX) alkyl. 

X) phenyl, 
xi) -CFa. 
xll) 

-i-SOaR, 

xlll) -Ci-4 alkyI-NR2, 

xiv) -0P(0)(0Rx)2 wherein Rx Is H or aryl. or 

XV) 

0 

-Ci-4 alkyl substituted with one or more of amine or quaternary amine; 
c) heterocycle, unsubstituted or substituted with one or more of 

I) halo, 

II) -OR. wherein R Is H, C1-4 alkyl, or C1-4 alkpnyl, 
III) 

0 

-COR. . 
Iv) 

-InR2. 
V) -CH2NR2, 
vi) ^02NR2, 
vll) -NR2, 
vlii) 

0 

-NHCR, 
Ix) C1-4 alkyl, 

x) phenyl, 

xi) -CF3, 
xli) 

R 

- A-SO2R. 

xill) phenyl C1-4 alkyl. 
xiv) 
0 

-OCR, 

XV) -OP(0)(ORx)2 wherein Rx Is H or aryl, or 
xvl) 

0 

-0- £-Ci-4 alkyl substituted with one or more of amine or quaternary amine; 

d) A 5- to 7-membered carbocyclic or 7- to 10-membered bicycllc carbocyclic ring which is either saturated or 
unsaturated, such as cyclopentane, cyclohexane, Indan, norbomane or naphthalene, the carbocyclic ring 
being unsubstituted or substituted with one or more of 
I) halo, 

i!) -OR, wherein R Is H or C1-4 alkyl, 

iii) 
0 
n 

-COR, 
iv) 
0 

-CNR2. 

v) -CH2NR2. 

vi) -S02NR2, 

vii) -NR2, 

viil) , 

-nhIr, 

tx) C1-4 alkyl, 

x) phenyl, 

xi) -GF3. 
xll) 

R 

-K-SO2R. 

xiii) ^P(0)(0Rx)2 wherein Rx Is H or aryl, or 
xiv) 



11 
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0 

a 

-0-C -Ci-4 alkyl substituted with ne or more of amine or quaternary amine; 
or pharmaceutically acceptable salts. 
In the compounds of the pres nt Invention, the A. G, B and J c mponents and the like may have asymmetric 
5 centers and occur as racemates, racemic mixtures and as Individual diastereomers, with all Isomeric forms 
being Included In the present invention. 

When any variable (e.g.. aryl, heterocycle, R. R^ R3, R^ RS, r9^ rio^ rii^ ri2 ri4^ ris^ rib ri7 a- n, Y, 2 
etc.) occurs more than one time In any constituent or In formula I. its definition on each occurrence Is 
independent of Its definition at every other occurrence. Combinations of substltuents and/or variables are 
10 permissible only If such combinations result In stable compounds. 

As used herein except where noted, "alky!" Is Intended to Include both branched- and straight-chain 
saturated aliphatic hydrocarbon groups having the specified number of carbon atoms (I^e is methyl Et Is 
®lr^ L i I "alkoxy- represents'an aikyi group of Indicated number of carbon atoms 

attached through an oxygen bridge; "carboxy- Is -COOH;^d "cycloalkyr Is Intended to Include saturated ring 
groups, such as cyclopropyl, cydobutyl, cyclopentyl, cyclohexyl (Cyh) and cycloheptyl; 'alkenyr is Intended to 
include hydrocarbon chains of either a straight or branched configuration and one or more unsaturated 
carbon-carbon bonds which may occur In any stable point along the chain, such as ethenyl. propenyl butenyl 
pentenyl, and the like. "Halo", as used herein, means fluoro, chloro, bromo and iodo; and "counterion" Is used 
to represent a small, single negatively-charged species, such as chloride, bromide, hydroxide, acetate 
20 trifluoroacetate. perchlorate, nitrate, benzoate, maleate, tartrate, hemitartrate. benzene sulfonate, and the like' 
As used herein, with exceptions as noted, "aryr Is Intended to mean phenyl (Ph) or naphthyl. "Carbocyclic" 
Is Intended to mean any stable 5- to 7-membered carbon ring or 7- to 10-membered bicycllc carbon ring any of 
which may be saturated or partially unsaturated. 
The term heterocycle. as used herein except where noted, represents a stable 5- to 7-membered mono- or 
25 bicyciic or stable 7- to 10-membered bicycllc heterocyclic ring which is either saturated or unsaturated, and 
which consists of carbon atoms and from one to three heteroatoms selected from the group consisting of N, O 
and S, and wherein the nitrogen, carbon or sulfur atoms may optionally be oxidized, and the nitrogen 
heteroatom may optionally be quatemized, and Including any bicycllc group In which any of the above-defined 
heterocyclic rings Is fused to a benzene ring. The heterocyclic ring may be attached at any heteroatom or 
30 carbon atom which results in the creation of a stable structure. Examples of such heterocyclic elements 
Include piperidinyl, plperazinyl, 2-oxopiperazinyI. 2-oxopiperidinyI, 2-oxopyrrolodinyl. 2-oxoazepinyl, azepinyi 
pyrrolyl. 4-pIperidonyl. pyrrolidinyl. pyrazolyl, pyrazolidlnyl. Imldazolyl, imidazolinyl. imidazolidlnyl. pyridyl! 
pyrazinyl. pynmidinyl. pyridazlnyl. oxazolyl, oxazoiidinyi, indanyl, Isoxazolyi. Isoxazolidinyl, morpholinyl 
thiazolyl. thiazoildinyl, Isothlazolyl, quinuclidlnyi, Isothlazolidinyl, indolyl, quinollnyl. Isoquinoiinyl. benzimidazo- 
35 lyl, thiadiazolyl. benzopyranyl, benzothlazolyl, benzoxazolyl, furyl, tetrahydrofuryl, tetrahydropyranyl, thlenyl, 
benzothlenyl, thiamorphollnyl, thiamorpholinyl suffoxide, thiamorpholinyl sulfone, and oxadiazolyl. 

One embodiment of the compounds of the present Invention encompasses those compounds of Formula I 
In which B is Independently present twice and Z Is 0. In this embodiment. It Is preferred that J Is NH2 and Q is 



40 



so 



55 



60 



65 



I I I • 

OH W OH 



A second embodiment of the compounds of the present Invention consists of those compounds of Fonnula 
I in which B Is present once and 2 Is 0. In this embodiment. It Is preferred that Q Is 




H 

or 

I 

OH W OH 



A third embodiment of the compounds of the pres nt Invention encompasses those compounds of Formula 
I in which B is absent. In this embodiment. It Is prefen^ed that Q Is 
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H 



H 



I 

OH 



I 

w 



OH 



A fourth embodiment of the compounds of the present Invention encompasses those compounds of 
Formula I In which G Is 



OH ?' 



I NHa R' 




or 




A fifth embodiment 
In which G Is 



OH 



-NH- 



Of the compounds of the present Invention encompasses those compounds of formula I 




or 



-NH 




10 



15 



20 



25 



"LlfhfmbodSiSoundsoftt^epresentlnvent.^^ 



A sixth embodiment 
I in which G is 



OH 



-NH 



NHa ? 




"NH 




30 



35 



B Is absent or present once; and 



40 



J is -NH- 











1 






ill* 








n 



A seventh embodiment of the compounds of the present Invention encompasses those compounds o, 
Formula I In which A Is 

Rii- or R.S02- with the proviso that Ri is not aryl when attached to S; G Is 

I 



OH 



NHa R* 



-NH 




or 



-NH 




45 



SO 



55 



60 



B Is absent or present once; and 
J is 



66 
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Preferred compounds of the present Inventbn 



are compounds A.B.C.D, or E, as follows: 



15 



20 



25 




30 J^ffin^^^^^ 



B; 



•2(R)-(phenyImethyl)hexanoyl-leu- 



35 



40 




45 N 



methyOhexanoyWeucyl-phenyla- 



50 



55 



60 




NW2-thlenoW)-5(S)-amrno^(S,^,ydroxy-6.phenyl-^^^^ 



leucyl-phenylalanyfamfde; 



S5 
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N'-(3.3-dImethylbutanoyl)-5(S)-amino-4(S)-hydro6cy-6-phenyl-2(R)-(phenylmethyl)hexano^ 
nylamlde; 

E: .. ■ 




N'-(3-phenyIpropanoyl)-5(S)-amino-4(S)-hydroxy-^-phenyl-2(R)-(phenyImethyl)hexanoylWeucyI-phe 
lamtde. 

Other preferred compounds of the present invention Include compounds F, G, H, and J. as follows: 



HOOC 




N-benzyl-N'-(succlnoyl)-5(S)-amlno-4(S)-hydroxy-6-phenyI-2(R)-(phenylmethyl)hexanoyl Isoleucyl amide; 



BDOC 



OH 



..OH 




N-(2(R)-hydroxy-1(S)-lndanyl)-N'-(succInoyl)-5(S)-amlno-4(S)-hydroxy-^phenyl-2(R)-(phenyImethyl)rh 
namlde; 
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25 




N-(2(R)-hydroxy-1(S)-lndanyl)-N'-{5-oxo-2{S)-tetrahydrofuranyIcarbonyl).5(S)-amIno-4(S)-^^^ 
30 2(R)-(phenyImethyI)hexanamlde, or pharmaceutlcally acceptable salts thereof. 
Other preferred compounds Include the following: 

N'-(2.2-dlmethylpropanoyl)-5(S)-amIno-4(S)-hydroxy-6-phenyl-2(R)-(phenyImethyl)-hexanoyl -Leu-Phe- 
amide, 

N'-t1J-dlmethy!ethyIaminocarbonyl)-5(S)-amlno-4(S)-hydroxy-2(R)-phenylmethyl-hex^^ 
35 lany l-amld e , 

N-(2(R)-hydroxy-1(S)-lndanyl)-N'-(4-t-butyIdimethylsIlyIoxybutano)-5(S)-amIno-4(S)-hvd 
40 2(R)-(phenylmethyl)hexanamlde. " / / / f j 

N-(2(R)-hydroxy-1{S)-Indanyi)-N'-(methane3uIfonyl)-5(S)-amlno-4(S)-hydroxy-^-phenyl-2(R) 
thyO-hexanamlde, / x / / 

heia^Lwe^ 

N-(2(R)-hydroxy-1(S)4ndanyl)-N'.[2-(2-[2-metho^^^ 
4(S)-hydroxy-6-phenyIhexanam!de, 

N'-(methanesuIfonyl)-5(S)-amlno-4(S)-hydroxy-^-phenyI-2(R)-(p 

pyI]-Val amide. ^ i / jk 

or pharmaceutically acceptable salts thereof. 

The pharmaceutlcally-acceptable salt or salts of the compounds of Formula I (in the form of water- or oil- 
soluble or disperslble products) include the conventional non-toxic salts or the quaternary ammonium salts of 
tliiese compounds, which are fonned. e.g.. from Inorganic or organic acids or bases. Examples of such acid 
addition salts Include acetate, adipate, alginate, aspartate, benzoate, benzenesulfonate. bisulfate. butyrate. 
citrate, camphorate, camphorsulfonate. cyclopentanepropionate. digluconate. dodecyisulfate. ethanesuifo- 
nate. fumarate. glucoheptanoate, glycerophosphate, hemlsulfate, heptanoate, hexanoate. hydrochloride, 
hydrobromlde.hydrolodide. 2-hydroxyethanesulfonate. lactate, maieate, methanesulfonate. 2-naphthaIenesul- 
fonate. nicotlnate. oxalate, pamoate, pectinate, persulfate, 3-phenyl-proplonate. picrate. pivalate, propionate, 
succinate, tartrate, thiocyanate. tosyiate. and undecanoate. Base salts Include ammonium salts, alkali metal 
salts such as sodium and potassium salts, alkaline earth metal salts such as calcium and magnesium salts 
60 salts with organic bases such as dicyclohexylamlne salts, N-methyl-D-glucamine, and salts with amino acids 
such as arginlne, lysine, and s forth. Also, the basic nitrogen-containing groups may be quaternized with such 
agents as lower ali<yl hafldes, such as methyl, ethyl, propyl, and butyl chloride, bromides and Iodides* dialkyi 
sulfates nke dimethyl, diethyl, dlbutyl; and dlamyl sulfates, long chain halides such as decyl. lauryl, myris'tyl and 
stearyl chlorides, bromides and Iodides, aralkyi halides like benzyl and phenethyl bromides and others 
65 HiV protease Inhibitors of Formula I may be^ prepared In accordance with well-known procedures for 
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preparing peptid anal gs from their constituent amino acids or analogs thereof. 

In general, once the G substltuent Is made, the rest f the synthesis follows the principle and practice of 
amide b nd formation by the coupling methods of either solution-phase or solid-phase peptide synthesis. The 
addition and removal of ne or more protecting groups Is also typical practice. 

Structures and abbreviations for the G c mponents of the Inhibitors of the present invention include : 5 

OH / 



15 

a hydroxyethylene dipeptlde Isostere prepared, for example, by an Intermediate lactone according to Evans, 
B.E. etal J. Org. Chem. 50, 4615(1985) or Kempf, D J. J. Org. Chem. 51 , 3921 (1986). Synthetic routes to similar 
peptide bond Isosteres. such as 

20 




2. ^Q-H 25 



30 

Cal[ CHCOH)CH2] Val, 

are readily available. The intermediate BOC-CaI[CH(0H)CH2]Val-OH lactone Is obtained from intermediates 
prepared using methods described by P, Buhlmayer et al , In Published European Patent Application 35 
184,550-A2. Other synthetic routes to peptide bond Isosteres of like character are described In the following: 

a. Szeike et al . In Peptides, Structure and Function. Proceedings of the Eighth American Peptide 
Symp (ed. V.J. Hruby and D.H. Rich) pp. 579-82, Piierce Chemical Co., Rockford, IL; 

b. D.T, Pals etal in European Patent Apjjln. 173,481-A2; 

c. A.H. Fray etal. J. Org. Chem ., 51, 4828-4833 (1986); and 40 

d. M. Szeike etal, PCTInt AppL WO 8403.044; 

Structures and abbreviations for other G components of the Inhibitors of the present Invention Include: 

45 



50 



ACHPA 

I 55 
with BOC-ACHPA-OEt being prepared by the method described fay Soger et al., J. Med. Chem., 28, 1 779-1 790 
(1985): ~ 

60 
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4, H- 



\ 



H OH O 
SCatlne (Sta) 

with BOC-Sta-OEt being prepared In accordance with the procedure described by Rich et al„ J. Org. Chem 
43, 3624 (1978); 




5. » 

H OH b 
AHPPA 

with BOC-AHPPA-OEt being prepared as described by Rich et al ,. J. Org. Cham., 23, 27-33 (1980); 



H— ] 




ArrACHPA 



7. 




with B0C-AmSta(CB2)-OH being prepared as shown In the following Scheme, and BOC-AmACHPA(CBZ)-OH 
being prepared as Illustrated In the Scheme by substituting BOC-ACHPA-OEt for BOC-Sta-OEt: 
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Synthesis of protected 3-amino-3-deoxy-(3S, 
4S)-statine: 



I 



. r.t. 
pyridine 
1-3 hr. 



BOC-NH i 11 

OH 0 



C-OEC 



8 



CH3-S-CI (1.1 eq.) 
0 



Evap-, 35 
Pump 2-4 days 



Aqueous workup 
EtOAc/107o citric acid 



(Pre-shaken 
before 
dissolving 
up crude 
product) 



Oiled out from 
EtOAc/Hexane 
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•COEt greater than 95% yield 
BOC-NH j) J 

0 greater than 957. purity (TLC, NMR) 

6 



CDCl. 



<nBu)4N^^3 © , 
1 eq. , 45 'C, 18 hr. 




+ 20% elimination 



CHCl3/EtOH 



Aqueous 
workup 

Pt02/H2 

40 lbs. , 4 hr, 



100% elimination 



BOC-NH 




-OEt 



20 
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NH-CB2 

40 

(predominantly R at position 3 
as shown) . 



45 

Base hydrolysis gives the free acid for incorporation Into the synthesis of the compounds of Formula I; or 
alternatively, this material may be prepared as described by Jones at al , In Peptides. Structure and Function. 
Proceedings of the Ninth American Peptide Symposium (eds. C. M. Deber, V. J. Hruby and K. D, Kopple) 
pp. 769-62, 1985, Pierce Chemical Co.. Roclcford, lU ; Arrowsmlth at al, J, Chem. Soc. Chem. Commun. 755-7 
(1986); and Raddatz et al . Published Eur, Pat,;Appl. 161.588; with efficient methods for preparing the 50 
2-substituted statlne component Q (such as 
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In a suitably protected form being described in Pub. Eur. Pat Appln. 157.409 (with other pertinent references 
including D. Veber Jj}, Blochem. Soc. Trans., 12, 956-959 (1984) and H. Stein et al, Fed. Pr c. 45, 869 

Abstract No 4161 (1986). — 

Amide couplings used to f rm the compounds of this Invention are typically performed by the carbodiimlde 
method with reagents such as dicyclohexylcarb dlimlde. r N-othyl. N'-(3-<llmethyIamInopropyI) carbodiimlde 
uV!^-!"^ of fonming the amide or peptide bond Include, but are not limited to synthetic routes via an acid 
chloride, azide. mixed anhydride or activated ester. Typically, solution phase amide couplings with or without 
peptide fragments are performed, but solid-phase synthesis by classical Merrifield techniques may be 
employed instead, ^ 

The selection of protecting groups Is. in part, dictated by particular coupling conditions, and in part by the 
amino acid and peptide components involved In the reaction. The amino-protecting groups ordinarily 
employed Include those which are well-known In the tart, for example, urethane protecting substituents such 
^®Al"^P^f 'i^^^y' (cartDobenzoxy), p-methoxycarbobenzoxy, p-nltrocarbobenzoxy, t-butyloxycarbonyl 
and the like. It Is preferred to utilize t-butyloxycarbbriyi (BOC) for protecting the a-amino group. In part 
because the BOC protecting group is readily removed by relatively mfld acids such as trifluoroacetic acid 
(I PA), or hydrogen chloride in ethyl acetate. By these procedures the A group may be added to deprotected 
Q-B-B-J compounds of Fomiula I, 

The OH group of Thr and Ser may be protected by the Bzl (benzyl) group and the e-amino group of Lys may 
be protected by the IPOC group or the 2-chlorobenzyIoxycarbonyl (2-CI.CBZ) group. Treatment with HF or 
-a? catalytic hydrogenatlon are typically employed for removal of IPOC or 2-CI-CBZ. 

One scheme for preparing compounds of formula I Is presented below. Example 1 specifically illustrates the 
application of the following scheme (I) to specific compounds. 

25 SCHEME X 



10 



15 




Illustrations of the product of Scheme I Include the following compounds of Table I. 
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PhCH2- 
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— ^V- 

-CHo 



PhCH2- 



-CH2-CH=CH 




PhCH2- 




PhCH2^ 



-(CH2)20CH3 



PhCH2- 



-CH. 





-CH2Ph 



CH3(CH2)3- 



-CH2PH 



PhCH2Q->^^^ 



-CH2Ph 




EP 0 35i5 223 A2 



I 3 




PhGH20-<^^Q^-CH2- -CH2CH=CH-(;^^^Ny 



PhCH20CH2- -CH2Ph 



PhCH20CH- -t^2— y(^y>-0CH2 



<CH3)2CHCH2- -CH2CH(CH3)2 



PhCH2- -CHCH2CH3 



-CHCI 

(CH3)2CH- -CH2Ph 



0-<^7^\-CH2- -CH2Ph 



CH30-^ ( ) >-CH2- -CH2Ph 
1 



I 




PhCH2- -CH2-<^(^ V-OCH 



\ 

I 
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Sr 




CHo- 



N 



-CH2J n 

N 



10 



PhCH2- 



-CH2SPh 



15 



PhCH2- 



20 



PhCH- 



CH-: 



25 



PhCH2- 



-CH2CH3 , 



30 



B groups are added onto the carboxyl termlrial end by, for example, amide coupling In Scheme II. See 
Example I for specific Illustration. 



35 



40 



45 



50 



55 



60 



65 



27 



EP 0356 223 A2 

SCHEME IT 




Products of Scheme II Include compounds with substltuents listed In Table I. 
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OH Rf 



a- 



PhCH2- 




PhCH2- 
PhCH2- 



PhCH2- 



PhCH2- 



PhCH2- 



BocNH 




B-B-J 



-CH2Ph 

-CH2ph 
-CH2Ph 



-CH2Ph 



—(0112)2^^3 



"CH^Ph 



B-B-J 



-CH2-CH=CH-Ph * -LeuPhe[NH2] 



-LeuNH t NHSO2CH3 



-LeuPhe[NH2] 
-Ile[NH2] 

V 

-LeuPhe[0CH3] 
-LeuPhe[NH2] 

-IleNH Ph 



EP 0 356223 A2 



B-B-J 



PhCHj- 
CH3(CH2)3- 




Ph 



-LeuPhe[NH2] 



-LeuPherNH^] 



-LeuNH 



OH 



PhCHn 



-CH2Ph 



Ph 



-ValNH 



\A/ 



N(CH3). 



PhCH^- 




-LeuPhefNH^] 



PhCh2- 



-CH2Ph 



-LeuNH 



0 

NHCCH, 



PhCfl2- 



PhCH2- 



PhCH2- 



-CH2Ph 
-CH2Ph 

-CH,Ph 



-LeuNH 



-LeuPhe 



OH 
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»r-CH2- -CH2Ph 



-IleNH^ ^N(CH3)2 



PhCfl20-CH2- -CH2-CH2-CH2-Ph -IlePhe [NH2] 



PhCH20-CH- 



-CH2Ph 



/ \ 



Ph 



PhCH2- 



-CH2Ph 



-(CH2)2NHS02CH3 



-NH. 



PhCH2- 



-CH2-CH=CH-Ph -IleNH 



PhCH2- 



-CH-Ph 



-NH 



0 



Ph 



Removal of the Boo protecting group Is followed by preparation of the acylated amines according to 
Scheme III, which Is speclflcally illustrated by Example 1. 



OH Rl 



BocHH 




TFA 



,9 O 



OH h: 




B-B-J^ 



A-OH 



EDO. HDBT 



A-NH 



OH r: 




B-B-J 



0 O 
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Product compounds of scheme 111 Include those of Table III. 



TAgLE m 



10 



15 



A-NH 




20 A 



(CH3)3CCH2C- PhCH2- 



25 



B-B-J 



-LeuPhe [NH2] 



30 



(^3)300- PhCH20 



-CH2Ph 



-NH. .CONH-3 



V 

Ph 



35 



40 



HO 




Pi\6^2^ -CH2Ph 



0 
/» 

CH2C- 



--NHCH2Ph 



45 



SO 



(CH3)2CCH2- -CH2^^==CHPh -GluPhe[NH2] 



0 
1/ 

C- 



55 Other end groups of the amino terminal side are added by reaction of the amine with the desired acid 
chloride, as an electrophHe. In the reaction in Scheme IV: 
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SCHEME IV 



OH 




OH R 



A-CX 



B-D-J 



A*NH 




B-B-J 



10 



wherein A Is defined In formula 1. See also Example 2. Product compounds of Scheme IV Include those of Table 

IV. 15 
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TABLE TV 



OH Rf 



A-NH 




B-B-J 



CH3SO2- 



PhCH2- 



B-B-T 



-CH^Ph -Leu Phe NH, 



(CH3)3CNHS02- PhCHg- -CH^CH^CHPh -NH. •'...NH 



0 PhCHoO- 



(CH3)2N-C- 



\ 



CH,- 



0 
il 

CH3C- 



CHoCH- 



0CH2Ph 



-CjB2Ph 



v 

Phe 




-CH- 



-NHCHjPh 
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0 
tl 



0 



HOCCH2CH2C- 



PhCHo- 



-CH2ph 



OH 




5 



10 



0 0 
H 11 
HOCGH2CH2C- 



PhCHo- 



-CH2Ph 



-IleNH 



Ph 



15 



Additional J groups are added by Schemes Va and Vb; 



BocNH 



Va: 



OH R? 



n-BuLi 



BocNH 




NH-R^* 



20 



25 



30 



BocNH 



Vb: 




OH R 



r'^rV^nh 



n- BuLl 



BocNH 




35 



40 



Similarly with other J groups under the definition of Formula I. See also Example 4. Product compounds 
Include those of the following Tables. ^5 



TABLE Va 



50 



BocNH 
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S\ NH-r1^ and other 

J gr UPS. 



I 



^^C^2" -CH2Ph -NH-(CH2)2CH(CH3)2 



A. 



PhCH2- -CH2Ph -NH-CHn'* 



Pl^CHa- -CHjPh -NH-CH,-' N'' 



CH3 jy^: 



01 A 

FhCH2- -CH^Ph -NH-CH2 ' 

CI 



TABLE Vh 
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PhCH2- -CHgPh , 




PfcCHj- -CH2Ph . -^I 



PhCH2- -CH2Ph 




a benzopiperdinyl J group. 



CONH5 



PhCH2- -Cfl2Ph 



The compounds of the present Invention are useful In the Inhibition of HIV protease, the prevention or 
treatment of Infection by the human Immunodeficiency virus (HIV), and the treatment of consequent 
pathological conditions such as AIDS. Treating AIDS, preventing infection by HIV or treating Infection by HIV Is 
defined as Including, but not limited to, treating a wide range of states of HIV Infection: AIDS, ARC (AIDS 
related complex), both symptomatic and asymtomatic, and actual or potential exposure to HIV. For example, 
the compounds of this Invention are useful In preventing Infection by HIV after suspected past exposure to HIV 
by e.g., blood transfusion, accidental needle stick, or exposure to patient blood during surgery. 

In the present Invention, compounds with asymmetric centers may occur as racemates, racemic mixtures 
and as Individual diastereomers, with ail Isomeric forms of the compounds being included In the present 
Invention. 

For these purposes, the compounds of the present Invention may be administered orally, parenteraiiy 
(Including subcutaneous Injections. Intravenous, Intramuscular, Intrastemal Injection or infusion techniques), 
by Inhalation spray, or rectaliy. In dosage unit formulations containing conventional non-toxic pharmaceutl- 
caiiy-acceptable carriers, adjuvants and vehicles. 

Thus, In accordance with the present Invention there Is further provided a method of treating and a 
pharmaceutical composition for treating HIV Infection and AIDS. The treatment Involves administering to a 
patient In need of such treatment a pharmaceutical composition comprising a phanmaceutical carrier and a 
therapeutlcaily-effective amount of a compound of the present Invention, or a pharmaceuticaliy-acceptal)le 
salt thereof. 

These pharmaceutical compositions may b In the form f oraliy-adminlstrable suspensions or tablets; nasal 
sprays; sterile injectabi preparations, for exampi , as sterile injectable aqueous or oleagenous suspensions 
or suppositories. 
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15 



25 



30 



we^nov^^Tn^^^^^^^ ^ stispenslon these; compositions are prepared according to techniques 

H ?1 t'^?"'*^'^' dislntegrants. diluents and lubricants known In the art. 

me injectable solutions or suspensions may be formulated according to known art usina siiitohr» 

aflr M w"« dispersing or wetting and sSpSng agenVs ISch 

as sterile, bland, fixed oils. Including synthetic mono- or dIgVcerides. and fatty acids Including otet' !mw 

Sl^^hlh ^ -'P'^"*' butter, synthetic glyceride esters or poKylenS 

gVcoIs.whlcharesolIdatordlnaryten,peratures.butllquidify^^^^^ 

Dosage levels of the order of 0.02 to 5.0 or 10.0 grams-per-aay are useful In the treatment or oreventlon of 
Sfec^Sr conditions, with oral doses two-to-five tinges higher. For exSSSrSection^^^^ 
wetaK^ . ^.K*' «,'^'"'"'^»'««°" °' fr*"" 10 to 50 mllllgrBms of the compound per kllogrl of boc^ 
weight from one to three times per day. It will be understood, however, that the specific doselevel 

tSS°^'tr^' 'V^^ P^""''^ P^"^"* ^ ^" ''«P«"«i upon a iSety of faSrs \Mo 

S V"" °°"'P°""'* employed, the metabolic stablllty^d length of action ofTlSrcoSS 

the age. bocty weight, general health, sex. diet, mode and time of administration rate S 6X01^3 dma 
combination the severity of the particular condition, and the host undergoing theWTy ' ^ 

or mraSTsr," ^ protease-Inhib.to^ compounds «.th one 

For example the compounds of this Invention can be given In combination with the antivlrals 

mX^h^? t^^^^^ """^^"^^ ^^'^^ *h^^«of as listed In thVrable vS^^^^^^^ 

Marketletter, Nov. 30, 1987. pp. 26-27; Genetic Engineering News . Jan. 1988. Vol. 8. 23]: 
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TABLE Vl l 
A, Antivirals 

Manufacturer Indication 
Ethigen ARC. PGL 

Triton Biosciences AIDS, ARC, KS 



I 

Carrington Labs ARC 



Syntex . ^ CMV 



Drug Name 
AL-721 

BETASERON 
(interferon beta) 

CARRISYN 

(polymarinoacetate) 

CYTOVENE 
(ganciclovir) 

DDC 

(dideoxycytidine) 

FOSCARNET 
(trisodiura 
pho s phonof o r mat e ) 



Hoffmann-La Roche 



Astra AB 



AIDS, ARC 

HIV inf. CMV 
retinitis 



^Abbreviations: AIDS (Acquired Immune Deficiency 
Syndrome); ARC (AIDS related complex); CMV 
(Cytomegalovirus, which causes an opportunistic 
infection resulting in blindness or death in AIDS 
patients); HIV (Human Immunodeficiency Virus, 
previously known as LAV, HTLV-III or ARV); KS (Kaposi's 
sarcoma); PCP (Pneuraonocystis carinii pneumonia, an 
opportunistic infection); PGL (persistent generalized 
iymphadenopathy) , 



39 



Drug Namp 
HPA-23 
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Manufactyjcer indication 
Rhone-Poulenc Sante HIV infection 



ORNIDYL 
(eflornithine) 



Merrell Dow 



PCP 



PEPTIDE T 
(octapeptide 
sequence) 



Peninsula Labs 



AIDS 



RETICULOSE 
(nucleophospho- 
pro.tein) 



Advanced Viral 
Research 



AIDS, ARC 



RETROVIR 

(zidovudine; 

AZT) 



RIFABUTIN 
(ansaraycin LM 427) 



Burroughs Wellcome AIDS, advanced 

ARC 

pediatric AIDS, 
KS, asympt HIV, 
less severe HIV, 
neurological in- 
volvement , 
Adria Labs ARC 



(trimetrexate) 



Warner-Lambert 



PCP 



UAOOl 



Ueno Fine Chem 
Industry 



AIDS, ARC 



40 



VIRAZOLE 
(ribavirin) 

WELLFERON 

(alfa interferon) 

ZOVIRAX 
(acyclovir) 



0356223 A2 

Manufacturer 
Viratek/ICN 



Indication 
AIDS, ARC, KS 



Burroughs Wellcome KS, HIV, in 

comb with 
RETROVIR 

Burroughs Wellcome AIDS, ARC, in 

comb with 
RETROVIR 



B. Immunomodulators 



ABPP 

AIDS, KS 

(bropirimine) 

AMPLIGEN 
(mismatched RNA) 



Upjohn 



DuPont 

HEM Research 



Advanced 



ARC, PGL 



(Anti-human alpha Advanced Biotherapy AIDS, ARC, KS 



interferon 
antibody) 



Concepts 



Colony Stimulating Sandoz Genetics 
HIV, 

Factor (GM-CSF) Institute 



AIDS. ARC. 
KS 



CL246,738 
(CL246,738) 



American Cynamid AIDS 
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pyuR H^mg Manufacturer 

IMREG-1 Imreg 

PGL, 



licai 
AIDS, ARC, 

KS 



Imreg 



AIDS, ARC, 



KS 



Merieux Institute AIDS, ARC 



Cetus 



AIDS, KS 



Hoffmann-La Roche AIDS, KS 
Immunex 



IMREG-2 
PGL, 

IMUTHIOL 
(diethyl dithio 
carbamate) 

IL-2 

(interleukin-2) 
IL-2 

< interleukin-2) 
INTRON-A 

(interferon alfa) 

ISOPRINOSINE 
(inosine pranobex) 

(methionine 
enkephalin) 

MTP-PE 

(muramyl-tripep- 
tide) 



Schering-Plough 
Newport 

Pharmaceuticals 
TNI 

Pharmaceuticals 
Ciba-Geigy 



KS 

ARC, PGL, HIV 

seropositive 

patients 

AIDS, ARC 
KS 
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Drug Name 

THYMOPENTIN (TP-5) 
(thymic compound) 

ROFERON 

(interferon alfa) 

(recombinant 
erythropoietin) 



TREXAN 
(naltrexone) 

TNF (tumor 
necrosis factor) 
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Manufacturer 
Ortho 

Pharmac eut i cal s 
Hoffmann-La Roche 

Ortho 

Pharmabeuticals 



DuPont 
Genentech 



Indication 
HIV infection 



KS 



severe anemia 
assoc with AIDS 
& RETROVIR 
therapy 

AIDS, ARC 

ARC, in combination 
interferon gamma 



C. Antibiotics 

PENTAM 300 LyphoMed PCP 

(pentamidine 
isethionate) 



D, Vaccines 

Any one of a variety of AIDS or HIV vaccines presently under study and development can be used in 
combination with the compounds of this Invention or salt or derivative forms thereof, In the treatment or 
prevention of AIDS and diseases of similar character caused by HIV. 

It will be understood that the scope of combinations of the compounds of this Invention with AIDS antlvlrals, 
Immunomodulators, antibiotics or vaccines is not limited to the list In the above Table, but Includes In principle 
any combination with any pharmaceutical composition useful for the treatment of AIDS. 



SYNTHESIS 

The preparation and synthesis follows, in general, U.S. Patent 4,661.473; Evans, B.E. etai , J. Org. Chem., 50. 
4615, (1985); Evans, B.E et al ., "A Stereocontrolled Synthesis of Hydroxyethylene Dipeptide Isosteres." Proc. 
Am. Pept. Symp., 9, 743-6(198), and Luly. J.R. et al .. J. Org. Chem 52. 1487 (1987), aU herein incorporated by 
reference. 



EXAMPLE 1 
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Preparation of 
Step A: Preparation of 

3(S)-[(1,l-Dimethvle thoxycarbonvl)aniinol-2(RS)-hydroxy-4-phenyi-1-trlmethylsilyibm 

To a stirred suspension of magnesium turnings (9.79 g. 403 mmol) In diy diethyl ether (200 ml) under 
nitrogen was added chloromethyltrimethylsllane (50 ml. 358 mmol). The reaction was initiated by gentle 
warming and then was cooled In an Ice bath to maintain gentle reflux. After the exotherm was complete the 
reaction was stirred at room temperature for 1 hour then cooled to 78" C In a diy Ice/acetone bath To the 
solution of the Grignard was added dropwise with stirring a solution of N-2(S)-[(1,1-dimethyIethoxycarbo- 
nyl)amlno]-3-phenyI proplonaldehyde (19,3 g, 77.4 mmol) In dry diethyl ether (250 ml) dropwise such that the 
temperature of the reaction remained below -55»C.The resultant gray suspension was allowed to warm to 
room temperature where it was stirred for 30 minutes then was quenched by pouring Into a mixture of Ice (500 
g) and lO^Vo citric acid (500 ml). The organic phase was coflected and the aqueous phase was extracted with 
diethyl ether (3X300 mi). The combined organlcs were washed with IOo/q citric acid (1X300 ml) and brine 
(1X200 ml), dried over anhydrous magnesium sulfate, filtered, and concentrated to give crude 3(S)-r(1 1-di- 
methyIethoxycart3onyl)amIno]-2(RS)-hydroxy-4-pheny|.1-trimethyIsliyI butane (26.6 g. quantitative crude yield) 
as a yellow oil. an analytical sample was obtained by low pressure chromatography (silica gel, 230-400 mesh' 
20 diethyl etherrhexanes, 30Vo:700A)) followed by recrystalllzatlon from heptane, mp - 91-95*'C; 

elemental analysis, calcd. for CieHaiNOa Si (337.53): 

C, 64.05; H, 9.26; N. 4.15; 

25 Found: C, 64.15; H, 9.13; N, 4.22; [ajo^o « -40.0* 



10 



15 



Step B: Preparation of 3(S)-Amino-4-phenvl-1-butene 
To a stirred solution of the product of Step A (22,8 g. 67.5 mmol) In dry methylene chloride (400 ml) cooled In 

30 an Ice bath and under nitrogen was added In a fine stream boron trifiuorlde etherate (43 ml. 345 mmol). The 
solution was allowed to warm to room temperature where It was stirred for 4 days. Reaction was cooled in an 
Ice bath and quenched by the dropwise addition to lOo/o sodium hydroxide (400 ml). The organic phase was 
collected and the aqueous phase was extracted with methylene chloride (2X250 ml). The combined organlcs 
ware washed with brine (1X200 ml), dried over anhydrous magnesium sulfate, filtered, and concentrated to 

35 give crude 3(S)-amino-4-phenyl-1-butene (14.2 g) as a yellow oil. 

Step C: Preparation of N-3(S)-[(1,1-DimethyIethoxycarbonyl)amino]-4-phenvl-1-butene 

A solution of the product of Step B (14.2 g) and di-tert-butyl dicartjonate (31 .Og, 142 mmol) In dry methylene 
chloride (200 mi) was stin-ed at room temperature for 18 hours., washed with lOO/o citric acid (3X100 ml) water 

40 (1X100 ml), safd. sodium bicartjonate (3X125 ml), and brine (1X250 ml), dried over anhydrous magrieslum 
sulfate, filtered, and concentrated to yield crude N-3(S)-[(1,1-dimethylethoxycarbonyI)amlno]-4-phenyIbutene 
(34.6 g) as a yellow oil. Crude product was purified by low pressure chromatography (silica gel. 230-400 mesh 
10x20 cm column; diethyl etherhexanes. 20o/o:80o/o) to yield N-3(S)-[(1.1-dlmethylethoxycart)onyl)amino]- 
4-phenyl-1-butene (16.3 g, 97.6(yo ^eld) as a white solid. An analytical sample was obtained by recrystaliization 

45 from heptane, mp = 67.5-68.5**C; 

elemental analysis, calcd. for C15H21NO2 (247.34): 

C. 72.84; H. 8.56; N, 5.66; 
SO Found: C. 72.78; H, 8.76; N, 5.64. 



Step D: Preparation of 1(R)-[V(S)-(1.1-Dlmethylethoxycarbonyi)amlno-2-phenvlethyl]oxirane 

To a solution of the product of Step C (9.4 g. 38 mmol) In dry methylene chloride (100 ml) cooled In an Ice 
bath and under nitrogen was added 3-chIoroperoxybenzoIc acid (technical grade, 8O-850/0; 41 g, -200 mmol). 
The mixture was stirred at 0**C for 18 hours and at 25*^0 for 23 hours., then diluted with diethyl ether (300 ml), 
and poured in ice cold aq. lOtVfa sodium sulfite (1 L). The organic layer was collected and the aqueous layer was 
extracted with diethyl ether (2X100 ml). The combined organlcs were washed with IOV0 sodium sulfate (3 x 100 
mi), safd. sodium bicarbonate (3X100 ml), and brine (1x100 mi), dried over anhyd. sodium sulfate, filtered and 
concentrated to give a white solid. Crude product was purified by low pressure chr matography (silica gel 
230-400 mesh, 8 X 15 cm column; ethyl acetate :hexanes, 25<W9:750/o) to yield 1(R)-I1'(S)-(1,lKllmethylethoxy- 
cart>onyI)amlno-2-phenyIethyl]oxlrane (7.0 g, 70tyo yield) as a clear II which crystallized upon standing. An 
analytical sample was obtained by recrystalllzatlon from heptane, mp « 51.5-52**C; 
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elemental analysis, calcd. for C15H21NO3 (263.34): 

C, 68,42; H, 8.04; N, 5.32; 

Found: C, 68.22; H. 8.26; N. 5.29; lajo^o = -1.34^ 



Step E: Preparation of (SS. 

VS)-3-carboethoxy-5-(1-(1,1-dlnriethy!ethoxycarbonyl)amlno)-2s)henylethyl)-dlhydrofuran'2-(^ 

The product from Step 0. 9.93 g. was dissolved In 100 mL of absolute etiianol and added to a solution of 2.6g 
of sodium and 20.1 mL of diethyl malonate in 170 mL of absolute ethanol. After stirring overnight, the reaction 10 
was acidified to pH-4 with IOV0 citric acid and extracted with 2X 500 mL of ether. The combined organic 
extracts were washed 1X500 mL H20, 1X500 mL sat'd NaHCX)3. 1X500 mL safd brine and dried over MgS04. 
The solvents were removed and the crude product purified by low pressure chromatography on silica gel 
eluting with 6OV0 ether/hexanes (or EtOAc/hexane). The yield of seml-solld product was 10.6g. The later 
fractions contained 2.5 g of the undeslred 5R isomer as a white solid. 15 

Step F: Preparation of (5S, 

VS)-3-carboethoxy-^-phenyimethyl-5-(i-((1,lHJimethylethoxycarbonyl)amino)-2-phenylethyl)dlhy^ 
2-(3H)-one • 

The product of Step E. 10.6 g, was dissolved in 100 mLof abs. ethanol containing 3.7 mL of benzyl bromide 20 
and added to a solution of 0.71 g of sodium in 100 mL of absolute ethanol. The solution was heated to 50** C for 
1.5 hours, then cooled in an Ice bath and acidified with 500 mL of 10<Vb citric acid. The mbcture was extracted 
3X500 mL of ether and the combined ether extracts washed with 400 mL of H2O. 400 mL of brine, dried 
(MgS04) and the solvent removed under reduced pressure to gh/e 13.6 g of a clear coloriess oil which was 
essentially homogeneous by TLC (250/o ethyl acetate/hexanes). 25 

Step G: Preparation of (3R, 5S, 

VS)-3-Benzyl-5-(1*((1,1-dimethylethoxycarbonyi)amino)-2-phenylethyl)dihydrofuran-2-(3H)-one 

The product of Step F. 13.6 g. was dissolved in 250 mL of 1 ,2-dimethoxy ethane, and to it was added 11 7 mL 
of 1M lithium hydroxide at room temperature. After stirring for 12 hours, the solvents were removed under 30 
reduced pressure, the residue suspended In 200 mL of lO^/o citric acid and extracted 3X 500 mL of diethyl 
ether. The combined ether extract were washed v^th 500 mL of brine, dried (MgS04) and concentrated to 
dryness. The residue was dissolved in 250 mL of toluene, heated to reflux for 12 hours, then concentrated to 
dryness under reduced pressure. Purification by medium pressure chromatography over silica gel, eluting with 
150/0 ethyl acetate/hexanes gave 3J2 g of the 3R-lactone as a clear foam. Further elutlon with the same 35 
solvents gave 6^15 g of the 3S-iactone as a white solid. 

Step H: Preparation of 

N'-(1.1-dimethyIethoxycart3onyl)-5(S)-amIno-4(S)-(V.V-dimethylethyl-1.1-dimethylsiiyIoxy)-6-phenyl- 
2(R)-(phenyimethyl)"hexanoic acid 40 

(3R, 5S, 1'S)-3-Benzyi-5-(1-((1.l-d!methylethoxycarbonyi)amino)-2-phenylethyl)dihydrofuran-2-(3H)-one, 
0.5g. was dissolved In 30 mL of a 2:1 mixture of ethylene glycol dimethyl ether/water, and to It was added 5 mL 
of 1M lithium hydroxide at room temperature. After stirring for 1 hour, the solvent was removed In vacuo and 
the residue partitioned between 20 mL chloroform and 20 mL 10<Vb citric acid. The layers were separated and 
the aqueous phase extracted with 3 X 20 mL chloroform. The combined organic layers were dried (Na2S04) 45 
and the solvent removed to yield 0.46 g of the crude hydroxy acid. This residue was dissolved In 5 mL of dry 
DMF and 0.845 g tert-butyl dimethyisilyl chloride and 0.725 g of imidazole were added. After stirring for 18 
hours, the reaction was poured into 5Q mL of water and extracted with 3 X 20 mL of ethyl acetate. The 
combined organic extracts were washed with 3 X 20 mL of W/o citric acid. 1 X 20 mL of water, 3 X 10 mL of 
saturated aqueous solution of Na2C03, and 20 mL of brine. After drying (Na2S04), the solvent was removed . 50 
and the resulting residue dissolved in a mixture of 5 mL of THF. 5 mL of glacial acetic acid, and 2 mL of water. 
The mixture was stirred for 4 hours, then poured Into 50 mL of water and extracted with 3 X 20 mL of ether. The 
combined ether extracts were washed with 2 X 20 mL of water, brine, dried (Na2S04), and the solvent 
removed. Purification by medium pressure chromatography over silica gel, eluting with MeOH/ CHCI3 gave 0.53 
g of the product as a white solid. ' 55 

Step I: Preparation of 

N'-(1.1-dimethylethoxycarbonyl)-5(S)-amino^4(S)^(1^rK^Imethyiethyi-1JKllmethyIsilyioxy)-6-phen^^ 
2(R)-(phenyimethyl)-hexanoyleucyl-phenylalanyl amide. 

The product from Step H. 0.183 g. was dissolved in 10 mL of dry DMF, and to it was added 0.124 g of 60 
ieuclnyl-phenylafanyl amide hydrochloride hemlhydrate, 0.051 g of l-hydroxybenzotriazole hydrate and 0.069 g 
f 1-ethyl-3-(3-dImethylamin propyl) carbodiimlde hydrochloride. Triethylamlne was add d to the stirring 
solution until the pH was 8.5. After stirring for 2 hours, the reaction was poured Into 80 mL of water and 
extracted with 5 X 10 mL of ethyl acetatie. Thje combined organic extracts were washed with 3 X 20 mL of \OWo 
citric acid, 1 X 20 mL of water, 3 X 20 mL of a saturated aqueous solution f Na2C03, 30 mL of brine, dried $5 



45 



EP 0 356223 A2 



10 



IS 



20 



25 



30 



35 



40 



(Ha2S04). and the splvent removed to give 0^ g of th pr duct after purification by preparative thin layer 
chromatography (5«Vb methanol/chloroform). ^ 

Step J: Preparation f 

!Steni?'S ^'^°'^'^°"^'''^^^^'°^'"°'^^^^'''^ 

taf!?K..S?'*"''' f '• 9. was placed In a flask and to It was added 2 mL of a 1M solution of 
etrabutylammonlum fluoride In THF. After stirring for 2 hours, the solvent was removed In vacuo She 
residue wastaken up in 50 mLof 10% methanol/chloroform and passed through a padof sfflcTiiiTfhe sohrent 

removed Irn^. and the remaining solid triturated with ethyl acetate. The soM was filtered through a 
rlSn^l .^^^If fl^' «^ washed with chlorofomi (200 mL) The 

SSSniSSnn^ ^ e^poiBted to yield 0.074 g of pure product. The ethyl acetate solution 

give an additional 0.054 g of product. The combined ^eld of the product was 0.128 g: mp 218-210°C. 
Step K: The Preparation of 

5(S)-amlno-4-(S)-hydroxv-6-Dh envl-2(R)-(Dhenvlmethyl)-hexanovi-Leucvl-P henvalanvl AmM» 

7o,i w u °" °^ ^ ""^s- °* N'-((1.1-dImethylethoj^)cari3onyl)-5(S)-amlno-4(S)-hydroxv-6-Dhe- 

nyl-2(RHphenylmethyl)-hexanoyl-l^ucyl-PhenyaIanyl Amide dlss6lved In 15 mis. of methylene chloride at 0°C 
was added 5 mis. of trifluoroacetic acid. After 30 minutes, a thin layer chromatogram (TLC) showed that the 
*^^^'^'"P'°t«- ""le reaction solution was concentrated; the residue dissolved in 25 mis of methylene 
Chloride and tansfered to a separately funnel. The organic layer was washed with 2x50 ml of safd NaHCOa 
solution and the organic layer was dried (Na2S04). filtered and concentrated to give the crude product which 
was pure enough to be used In the next reaction. 

Step L: The preparation of 

~lba solution of 30 mgs. (0.049 mmoi) of 5(S)-amino-4(S)-hydroxy-6-phenyl-2(R)-(phenylmethyl)-hexanoyl- 
Leu(^l-Phenyalany Amide In 10 mis of degassed dimethyl formamide (DMF) was added 10 mgs (0 074 mmo ) 

H^^M^'^cn^*^^^^^^ ""^ ""9" °' 1-(3-DImethylaminopropA^-ethylcaro: 

dnmide hydrochloride (EDO and 7 mgs (0.055 mmoi) of thiophene-2HMrt>oxyllc acid. The pH of the solution 

Indica ed that the coupling was complete. The DMF was removed in vacuo and the residue dissolved in 20 mis 
of methylene chloride which was washed with 2X20 mis of loo/o citric acid soln,, 20 mis of satd. NaHCOa 
solution and the organic layer was dried, filtered and concentrated to give the crude product. The residue was 
lompoJS''mr^^'T°"'^^''^'^^ ^^"^ MeOH/CHCLa. SlOa. 0.5 mm plate) to give 18 mgs of the title 

EXAMPLE 2 
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Preparation of 

nyl^SdrSpJ '?^'"^' """^^^^"^^*^'^^ 

in!^ic ^f"!^*'^.*^ ° Dir°' °t5(S)-amIno-KS)-2-(R)-(phenyImethyl)-hexanoyl-Leucyl-Phenyaianyl Amide In 
10 mis of methylene chloride which contained 10 (il (0.072 mmoi) of triethylamlne Is added 10 ul (0.070 mmoi) of 

IyiS?«??^^>»^ '°''!!f • ^ *^ P*'"™'* * separately funnel and washed with 

2X10 mis of 10% citric acid solution. 10 mis of satd. NaHCOs solution. The oipanic phase is dried, filtered, and 
mSJ^A 1° "^f =°"c«"trate Is passed through a pad of SIOz which Is eluted with 5<Vb 

MeoH/CHCL3 to give the crude product. This Is further purified using reverse phase HPLC on a Water C-18 

column to nlVP tho rloelrAW nM^KM* 



column to give the desired product. 

EXAMPLE 3 



Prepiaratfon of 

step A: Preparation of 

es ^U^^S SSST ""^''"^^'''^'" -^tS)-^Y<'ro)cy-6^henvl-2(R)-(4.hvdroxvohenvl»,.«h^ ^H ^i. 
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To a stirred solution of N'-(1.1-dImethylethoxycarbonyI)-5(S)-arnIno-4(S)-hydroxy-^-phenyl-2(R)-(4-ben2y^ 
loxyphenylmethy!)hexanoyl-leucyl-phenylalanyl amide, 25 mg. In 10 mL f tetrahydrofuran was added a 
suspensi n f 10o/b palladium of carbon, 25 mg, In 10 mL of abs. methanol. The mixture was stln-ed under an 
atm sphere of hydrogen for 4 h urs at room t mperature. then filtered and concentrated t dryness. The 
residua was dissolved In 1 mL of tetrahydrofuran and 1 mL of wat r was added. A white s lid precipitated 
which was collected and dried under vacuum ver P2O5. Th yield was 20 mg of pure product, mp 222-223* C. 
(CiH.N) 

Step B: Preparation of 

5(S)-amlno-4(S)-hydroxy-6-phenyl-2(R)-(4-hydroxyphenylmethyl)hexanoyl-leucyl-phenyIalanyl amide 

In a manner substantially similar to that described In Step K of Example 1, N'-(1,1-dimethyIethoxycarbo- 
nyI)-5(S)-amIno-4(S)-hydroxy-6-phenyl-2(R)-(4-hydroxyphenylmethyl)hexanoyl-Ieuc^-phenyIa^ amide Is 
converted to the named product 

I 

Step C: Preparation of 

N''(1,1-dlmethyiethylcarbonyl)-5(S)-amlno-4(S)-hydroxy-6-phenyl-2(R)-(4-hydroxyphenylmethy^ 
leucyl-phenylalanyl amide 

Following substantially the procedure described In Step L of Bcample 1 , but employing the amine from Step 
B of this Example and plvallc acid, the described product Is obtained. 

EXAMPLE 4 



Preparation of 

N-ben2yl-N'-(4-hydroxyphenylmethyIcarbonyi)-5(S)-amino-4(S)-hydroxy-6-phenyl-2(R)-(phenyImethyl)hexa- 
nolo carboxamlde 

Step A: Preparation of 

N-benzyl-N^-(1.1-dlmethyIethoxycarbonyi)-5(S)-amino-4(S)-hydroxy-6-phenyl-2(R)-(phenylmethyI)hexanoic 
carboxamlde 

The lithium salt of benzyl amine was prepared by adding 0.5 mL of a 2.5M solution of n-butyl lithium to 0.134 g 
of benzyl amine In 10 mL of dry THF at -78"C. To this was added 0.1 g of (3R. 5S. 1'S)-3-benzyl-5-(1-((1,1-dI- 
methyIethoxycarbonyI)amIno)-2-phenylethyl)dihydrofuran-2-(3H)- one In 5 mL of THF. After stirring for 15 
minutes, the reaction was quenched by the addition of 15 mL of IOO/0 citric acid, and the mixture was allowed to 
warm to room temperature. The volume was tripled by the addition of ethyl acetate. The organic layer was 
separated, and the aqueous phase was washed with ethyl acetate. The combined organic solutions were 
washed with 3 x 10 mL IOO/0 citric acid, 1 x 20 mL of saturated NaaCOa solution, brine, and dried (Na2S04). The 
solvent was removed In vacuo to yield a white solid. The solid was recrystalllzed from hexane/ethyl acetate to 
yield 0.065 g of the product as a crystalline solid; mp 191-192**C. 

Step B: Preparation of N-benzyl-5(S)-amlno-4(S)-hydroxy-6-phenyl-2(R)-(phenylmethyl)hexanoIc 
carboxamlde 

The amine protecting group Is removed by following substantially the procedure described In Step K of 
Example 1 yielding desired product. 

Step C: Preparation of 

N-benzyl-N^-hydroxyphenylmethyIc£utonyl)-5(S)-amino-4(S)-hydroxy-6-phenyl-2(R)-(phenyImethyl)hexanoI^ 
carboxamlde 

A new amine protecting group Is added to the product of Step B of this Example, by following substantially 
the procedure described in Step L of Example 1, but replacing the 2-thlophenecartDoxyiIc acid used therein, 
and substituting thereto 4-hydroxyphenyIacetIc acid. The indicated product is obtained. 



PCAMPLE 5 

Preparation of 

N'-(1,1-dlmethyIethylamInosulfonyI)-4(S)-amIno^(S)-hydroxy-5H:yclohexyipentanoyl-leucyl-^ 
amide 

Step A: Preparation of 

N-(1,1-dlmethyIethoxycarbonyl)^(S)-amtn -3(S)-hydroxy-5K:ycIoh xylpentanoyl-Ieucyl-phenyialanyl amide 
^HT^Simethy^^ 

(0.575g, 1.82 mmol) was dissolved In 5.5 mL of dry DMF, under argon. To this well stln* d mbcture was added 
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«)S 1 Km n ,hJ ?K'f ''f semShydrat (0.74g. 2.18 mmol). hydroxybenztrlazole hydrate 
{hS'J.:- ^yi^-f^njethylamlnojpropylcarbodnmlde hydrochloride (0.374g. 1.91 mmol). and 

triethylamine (0.57 mL. 4.10 mmol). This mixture was stirred at room temperature for 1 hour TTie reaction 

IventlnUcu gJvethe 

eluit SI ^u^'"^ i^w n"'i'it'^ T '*~'"''to9'«Ph ^ " silica gel using 6<M, methanol In chloroS^ 
eluant. There was obtained 0.582 g of the title compound as a white ciystalllne solid. MP: 17i-175»C. 

,0 ^*?P/j,^SE2rattonoL4(S^^ 

EJirprl?^S!5SsS^^ 

Step C: Preparation of i 

th^nZr!"^r*!.K'"i P™."" f ''^^ *° the product of Step B In this Bample by following substantially 
the procedure described in Example 2. but replacing the 3-phenylpropano/chlorlde used thereh and 
substituting thereto 1.1-dImethyIethyl aminosulfonyl chloride. The Indteated produS Is obSneS 
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EXAMPLE 6 
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propanoyli-leucyi-phenylalanylamlde. and — — ■■/■"■mnyi 

N'-[[3-(1(R)-Ben2Ylox Ycarbonviamlno-2-phenylethvnphosphlnvl1-2f Sl-Dhenvlmethv» 
propanoyii-ieucyl-phenvlalanyiamlde ^ 

A °^ trimetnylsilyldiazomethane in pentane was added dropwise to a solution of 0.790 g of 

1(R)-ben2yIo)ycarbony!amino-2-phenylethyl phosphonous acid In a mixture of benzene (35 mU/methanoi (B 
S"„wi!i M P^'f '^'^ ^"^'^ After one hour at 0» the solution was 

meZn? ifi.S "^sldue chromatographed over silica gel. eluting with methylene chloride/acetone/ 
methanol (18:1:1), to afford 0.400 g of pure methyl ester. 

Step B: Preparation of 

My-1(R).benCTloxYcarbQnWamlno-2-phen WethW-t2fR.S)H;arbomethoxv-3-Dhen vl-1-Dropvl<nhnsn 

2 ben5IlaS« tlT^ '"'^^f ""''^^ = atmosphere. After 10 minutes? m^thy 

K J. ™ 1° TT^e mixture was concentrated to an oil which was partitioned between 15 

ri^nLn^tn'^i '° °' ^'^^^^^^ ^« '^y^^^ ^^P^^te^l ^n^l the aqueous phase ms 

extracted with 2X10 mL ethyl acetate. The combined organic layers were washed (brine) and dried (NaaSO*) 

45 a^'tSSVSl Of fheVroducr''^' chromatographed on silica gel (flash). Elutlon ilth ethjl 
Step C: Preparation of 

im^Jff r T so'"«on. After stining under nitrogen for4 hours at room temperature, the 

£^lV^^. ?T^ '^^ f "l*- ^^"^ *° "^^ ^suiting mixture was extracted with 

^ Idte orSr^I °, "^n^'f H^^^^^ 

*?proS L Xo iM g ' "''^ "^'^ "^'""'^ °' 

Step D: Preparation of 

ir JJ!tr?«'«S' from Step C. 0.153 g. was dissolved In 4 mL of diy acetonltrile and stirred under nitrogen In an 

Lir , ^ hexafluorophosphate. and triethylamine to pH 8 5 

of H^f^ °* ° ^^r'" ^ «^ temperature and stirred 3 hoTrs furlhe" Ten 

?^e l^2rn!r*'"'f'^'r°^^^^^^ wa3extractedwIth4X10mLSS2 tlte 

The combined organic xtracts were washed with water. 2N hydrochloric acid, water, saturated aqueoS 
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sodium bicarbonat , brine, and dried (MgS04). Removal f the solvent left 0.164 g of a sticky solid which was a 
mixture of 4 major components as evidenced by thin layer chromatography (chloroform/methanol/ammonium 
hydroxide, 90:10:1). The mixture was flash chromatographed, eluting with the same solvent mixture used for 
tic. Early fractions c ntalning an Intimate mixture of 3 components were c mblned and concentrated to give 66 
mg of a diastereomeric mixture of the product. Continued elation provided and additional 52 mg of product 
mixture which was predominately a singi tic spot. 

Step E: Preparation of N-[3-[1 (R)-Benzyloxycarbonylamlno-2-phenyiethyi)phosphInyl]'2(R)-phenylmethyl 
propanoyll-leucyl-phenylalanylamlde, Compound Alpha, and 
N-[3-[1(R)-BenzyloxycarfaonyIamino-2-phenyiethyl)phosphinyl]-2(S)-phenyimethyI 
propanoyll-Ieucyl-phenyialanyl/amide. Compound Beta 

A solution containing 0.066 g of the diastereomeric mixture of Step D and 0.014 g of anhydrous lithium iodide 
In 2 mL dry tetrahydrofuran was stirred at room temperature for 7 days, during which time an additional 0.030 g 
of lithium Iodide was added. At the end of 1 weqk the solvent ws removed and the residue suspended In 5 mL 
of saturated sodium bicarbonate. The mixture was extracted with 4X5 mL ethyl acetate and the combined 
organic layers were concentrated. Separation of the two diastereomers was accomplished by preparative high 
pressure liquid chromatography using ia Waters Delta Pak C-1B column, eluting with a gradient of acetonltrile. 
0-95<Vb in water (O.IO/0 trifluoroacetic acid) over one hour, the fractions of retention time 4,22 minutes and that 
of 7.00 minutes were lyophlilzed separately to afford 0.013 g of Compound Alpha and 0.012 g of Compound 
Beta, respectively. 

Step F: Preparation of 

N-[3-[(1(R)-amino-2-phenyiethyi)phosphinyll-2(R)-phenyImethylpropanoyll'leucyl-phenylalanyl amide 

Following substantially the procedure described In Step A of Example 3, but substituting for the'benzyl ether 
used therein. Compound Alpha from the preceding step, the Indicated product is obtained. 

Step G; Preparation of 

N-[3-[(1(R)-dimethylamlnocarbonylamino-2-phenylethyl)phosphlnyl]-2(R)-phenylmethylpropanoyl]-leucyl- 
phenylaianyl amide 

Following substantially the procedure described In Example 2, but substituting for the amine used therein 
the product from the preceding step, and for the 3-phenyIpropanoyI chloride used therein, dimethylamlnocar- 
bonyl chloride, the desired product Is obtained. 



Assay for Inhibition of Synthetic Viral Protease 

Inhibition studies of the reaction of the synthetic protease [amino acid residues 69-167 of the £ol open 
reading frame in Ratner. L et al , Nature , 313, 277 (1985) and synthesized by Merrifleld solid-phase synthesis] 
with a peptide substrate [Val-Ser-GIn-Asn-Tyr-Pro-lle-Val, 2 mg/mL when the reaction is Initiated) were in 50 
mM Na acetate, pH 5.5, at 30° C for 1 hr. Various concentrations of Inhibitor In 1 .0 pJ DMSO were added to 36 jil 
of assay solution and the reaction initiated by the addition of 4 ul (1.5 ^g) of synthetic protease. The reaction 
was quenched with 160 ul of 12<Vb acetic acid. Products of the reaction were separated by HPLC (VYDAC wide 
pore 5 cm C-18 reverse phase, acetonitrile gradient, 0.1<W) trifluoroacetic acid). The extent of Inhibition of the 
reaction was determined from the peak heights of the products. HPLC of the products, independently 
synthesized, provided quantitation standards and confinnatlon of the product composition. Results are shovm 
in Table VII. 



EXAMPLE 7 



TABLE VII 



Compound 



IC5o(nM) 



A 
B 
C 
D 
E 



7 
6 
11 
11 
4 
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Pr parati n of N-benzvl-N^-(succln vl )-5(S)-afnln ^S)-hydr xv-6-phenyl-2(R)-(phenylmethvl)he xanovl 
Isoleucyl amide, Compound? — — ^ ^ ^ 

Step A: Preparation f 

N-benzyl-N'-d.l-dlmeth Yleth xyGarbonyl)^(S)-am!no-4(S)-(1^1^dfmethvlethyl-1.1-dimethv ls^y!o)cvl-6-Dhe■ 

nyl-2(R)-(phenylmethyl)hexanoyl Isoleucyl amide " 

n Example 1, Step H, 0.10 g (0.2 mmol) was dissolved In 2 ml of dry DMF, and to it was added 

0.048 g 0.25 mmol) of EDO, 0.034 g (0.25 mmol) of HOBT and 0.077 g (0.3 mmol) of N-benzyl-lsoleucyi amide 
hydrochloride. Triethylamlne was added to the stirring solution until the pH was 8.5. After stining for 18 hours 
the reaction was poured Into 20 ml of Ice water and extracted with 3X20 ml of ethyl acetate. The combined 
organic extracts were washed with 1X20 ml of lOq/b citric acid, 1X20 ml of water, 1X20 ml of a saturated 
aqueous solution of Na2C03, 20 ml of brine dried (Na2S04). and the solvent removed to give 0.125 g (860/0) of 
Step A product after purificatfon by chromatography on isIIIca gel (CHCIaiCHaOH, 99:1), 

I 

15 Step B: Preparation of 

iso?eSS hexanovl 
The Step A product. 0.115 g. was placed !n a flask and to.lt was added 2 ml of a 1M solution of 

tetrabutylammonlum fluoride In THR After stin-ing for; 4 hours, the solvent was removed in vacuo and the 
50 residue was treated with 20 ml of ice water to precipitate the white solid product Chromatography on silica gel 

(CHaaiCHaOH. 99:1) provided 0.035 g (360/o) of Step B product, mp « 204-206"C; 

elemental analysis calc'd. for CayHAgNaOs: 

25 C. 7Z17; H, 8.02; N. 6.82; 

Found: C, 72.47; H, 8.30; N. 6,73. 



Step C: Preparation of N-benzyl 

N'-(succinoyl) -5(S)-amino-4tS)-hydroxy-6-phenyl-2(R)4phenylmethyl)hexanoyl Isoleucyl amide 

Removal of the Boc group and substituting thereto a succlnoyi group was performed on the Step B product, 
0.06 g (0.1 mmole). by the procedures of Example 9, both steps, to provide 0.03 g (49^0) of the title compound' 
An analytical sample was obtained on reciystalllzation from acetonltrile; 

elemental analysis calc'd for C36H45N3O6: 

C, 70.22; H, 7.37; N. 6.82; 
Found: C. 70.20; H, 7,40; N, 6.77. 



EXAMPLE 9 



Preparation of 

N-(2(R)^iydroxy-1(S)-indanvl )-NWsucclnoyl)-S(S)-amino-4(S)-hydroxy-6-phenyl-2(R)-(phe nylmethvn^ 
nolo carboxamlde. Compound G 

Step A: Preparation of N-(2(R)-hydroxy-1(S)-lndanvl)-5(S)-amino 
4(S)-hydroxy-6-phenyl-2(R)-(phenvlmethyl)-hexanoic carboxamlde 

A 0^5 g (0.46 mmol) quantity of N.(2{R)-hydroxy-1(S)-lndanyl)-N'-(1,1-dlmethylethoxycarbo- 
nyI)-5(S)-amino-4(S)-hydroxy-6-phenyl-2(R)-(phenyImethyl)hexanolc carboxamlde was dissolved in 20 ml of 
dry CH2CI2 with stirring and cooling In an Ice water bath under argon. To this solution was added 5 ml of 
trifluoroacetic acid, and the solution was stirred for 2 hours. The reaction mixture was concentrated In vacuo , 
and the residue partitioned between CH2CI2 and saturated aqueous sodium bicart)onate solution. The organic 
layer was separated, washed with brine and dried over anhydrous Na2S04, filtered and concentrated in vacuo 
to give 0 16 g (780^) of Step A product after chromatography on silica gel eluting with CHCl3:CH30H.95:5. An 
analytical sample was obtained by conversion to the maleate salt, mp 184-186**C; 

elemental analysis, calcd. for 

C28H32N203-C4H404-H20 (560.65): 

C, 66.41; H, 6.62; N. 4.84; 
Found: C, 66.50; H, 6.35; N, 4.78; 
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St p B: Preparation of 

N-(2(R)-hydroxy-1(S)-indanyi)->i'-(succinoyl)-5(S)-amlno-4(S)4iydroxy-6-phenyl-2(R)-(ph 
nolo carb xamide 

A 0.050 g (0.089 mmol) quantity of N-(2(R)-hydroxy-1(S)-indanyl)-5(S)-amln -4(S)-hydroxy-6-phenyl- 
2(R)-(phenylmethyl)-hexanolc carboxamlda was dissolved In 1 ml of dry DMF. To this solution was added 0.049 
g (0.49 mmol) f succinic anhydride, and the reaction mixture was heated at 60** C for 8 hours. Ice wat r (20 ml) 
was added to the reaction mixture to precipitate 0.31 g (63QA)) of Step B product, mp 181-183°,C after 
trituration with diethyl ether. 

Elemental analysis, calc'd. for CasHaeNsOe 
(544.648): 



C, 70.57; H, 6.66; N, 5.14; 

N. 5.li 



EXAMPI-E 10 



Preparation of 

N-(2(R)-hydroxy-1(S)-indanyl)-N'-(methan3uifonyl)-5(S)-amino-4(S)-hydroxy-6-phenyl-2(R)'(phenyime- 
thyl)-hexanamlde, Compound H. 



EXAI^PLE 11 



10 



Found: C, 70.84; H, 6.81; N. 5.12. /5 



20 



25 



Step A: Preparation of 

N-(2(R)-hydroxy-1(S)-lndanyl)-5(S)-amino-4(S)'(1\r-<iimethyl-ethyl-1,1'dimethylsilyoxy)-6-phen^^^ 
nylmethyi)'hexanamlde 

To a solution of 660 mgs. (0.99 mmol) of N-(2(R)-hydroxy-1(S)-Indanyl)-5(S)-((1,1-dlmethyIethoxy)carbo- 30 
nyI)-amino)-4(S)-{1\1'<limethyl-ethyl-1.1-dImethylsI!yoxy)-6-pheny!-2(R)-(phenyImethyl)-hexanOT dis- 
solved in 30 mis of methylene chloride at O^'C was added 15 mis of trifiuoroacetic acid. After 30 minutes, a thin 
layer chromatogram (TLC) showed that the reaction was complete. The reaction solution was concentrated, 
the residue dissolved in 100 mis of methylene chloride and transferred to a separatory funnel. The organic layer 
was washed with 2X50 ml of satd. NaHCOa solution and the organic layer was dried (NaaSOH), filtered and 35 
concentrated to give the crude Step A product which was pure enough to be used In the next reaction. 

Step B: Preparation of 

N-(2(R)-hydroxy-1(S)-lndanyl)-5(S)-(methanesui'fonyi)amino-4(S)-V,V-dimethyi-ethyl-1,1-dimethylsiiyoxy- 
6-phenyl'2(R)-(phenylmethyl)'hexanamide 40 

To a solution of 55 mgs (0.10 mmol) of Step A product in 10 mis of methylene chloride was added 0.039 ml 
(0.276 mmol) of triethylamlne and 0.032 mg (0.186 mmol) of methanesulfonic anhydride. The reaction was 
stin-ed at 23* C for 1 8 hours and worked up by diluting with 20 mis. of methylene chloride. The organic layer was 
washed with 2X20 mis of lOO/o citric acid soln., 20 mis of satd. NaHCOa solution, dried, filtered and 
concentrated to give the crude product. The residue was purified using prep, layer chromatography (lOO/o 45 
MeOH/CHCIa. SlOa, 0.5 mm plate) to give 17 mgs of the Step B product compound as an oil. 

Step C: Preparation of 

N-(2(R)-hydroxy-1(S)-indanyl)-5(S)-(mQthansulfonyl)amino-4(S)hydroxy-6-phenyl-2(R)-(phenylmethyi)-hexa- 
namlde 50 

To a solution of 50 mgs. (0.078 mmol) of Step B product in 2 mis of THF was added 1 ml of a 1M solution of 
tetrabutyiammonium fluoride (TBAF). After 1 hour an additional 0.5 ml of TBAF was added. After 2 hours, the 
reaction was diluted with water and the resultant precipitate was filtered and washed with water. The solid was 
dissolved In chloroform, dried (Na2S04). filtered and concentrated. The crude product was chromatographed 
on a prep, plate (0,5 mm, 5*Vb MeOH/CHCl3)|to give 24 mgs. of the Step C product, mp 180-182* C; 55 

Anal, calc'd. for C28H34N2O5S»0.25 MeOH; 

C. 6620; H. 6,65; N, 5.28; 
Found: C, 65.96; H, 6.59; . N. 5.65. 60 
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Preparation of 

N-(2(R)rhydroxy-1(S)-fndanyl)-N^-(5-oxO'2(S)-tetfahydr furanylcarbonyl)-5(S)-amlno-4(S)-hydroxy ^-phenyl- 

2(R)-(phenyimethyi)hexanamlde, CompoundJ 

(S)-(+)^xo-2-tetrahydr furancarboxylic acid, 0.020 g, was dissolved In 1 mL of dry DMF. and to It was 
added 0.007 g of l-hydroxybenztriazole hydrate, 0.010 g of 1-ethyl-3-{3-dImethylamlnopropyI) carbodilmlde 
hydrochloride and 0.020 g of N-(2(R)-hydroxy-1(S)-indanyl-5(S)-amino^(S)-hydroxy-6-phenyl-2(R)-(phe- 
nylmethyl)hexanamlde. Triethylamine was added to the stirring solution until the pH reached 8.5. After stirring 
for 12 hours at room temperature, the reaction was poured Into 5 mL of water and extracted with 3X5 mL of 
ethyl acetate. The combined organic extracts were washed with lOtVb citric acid, water, saturated aqueous 
NaHCOa solution and dried over anhydrous Na2S04. Evaporation of the solvent gave a residue which was 
chromatographed over silica gel (50/o methanol/chlorpform) to afford the title compound as a white solid. 



Assay for Inhibition of Microbial Expressed Viral Protease 

Inhibition studies of the reaction of the protease expressed In Escherlcia coll with a peptide substrate 
(Val-Ser-GIn-Asn-(betanapthyl)Ala-Pro-lle-Val, 0.5 mg/ml at the time the reaction Is Initiated] were in 50 mM Na 
acetate, pH 5.5, at 30° C for 1 hr. Various concentrations of Inhibitor In 1.0 ul DMSO were added to 25 ul of the 
peptide solution In water. The reaction Is initiated by the addition of 15 ul of 0.33 nM protease (0.11 ng) In a 
solution of 0.133 M Na acetate pH 6.5 and 0.267^0 bovine serum albumin. The reaction was quenched with 160 
ul of 50/0 phosphoric acid. Products of the reaction were separated by HPLC (VYDAC wide pore 5 cm C-18 
reverse phase, acetonltrfle gradient. O.IO/0 phosphoric add). The extent of Inhibition of the reaction was 
determined from the peak heights of the products. HPLC of the products, independently synthesized, proved 
quantitation standards and configurations of the product composition. Compounds F, G, H and J showed iCso 
values, ranging from 0.5 to 10 nM. 

While the foregoing specification teaches the principles of the present Invention, with examples provided for 
the purpose of Illustration. It will be understood that the practice of the Invention encompasses all of the usual 
variations, adaptations, modifications, deletions or additions of procedures and protocols described herein, as 
come within the scope of the following claims and Its equivalents thereof. 



a) C1-6 alkyl either unsubstituted or substituted with one or more of 

I) C1-4 alkyl; 

II) hydroxy; 

III) carboxy; 

Iv) halo wherein halo Is F, CI, Br, or I; except no halo on cariDon adjacent to carbonyl; 
v) amino; 

vl) Ci-3aIkoxycarbonyl; 
vli) Ci-3aIkoxy; 

viil) -CONR2R3 wherein R2 and R3 are the same or different and are hydrogen, Ci-s alkyl or C1-5 
alkoxyalkyl or Joined together either directly to form a 5-7 membered heterocycle, or through a 
heteroatom selected from N, O, and $, to form a 6-membered heterocycle with the nitrogen to which they 
are attached; 

|X)-NR2R3; 

x}-N-p.R4 wherein, 

K 

R Is hydrogen or C1-4 alkyl, 
Pis 



EXAMPLE 12 



Claims 



1 . Compounds of the formula: 
A-G-B-B-0 I. 
wherein A Is 
1) 



0 



R^-£ -wherein R"* Is 
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and 

RMsH,Ci-3alkyl,Ci-4alk xy.orNR2R3; 
xI)C3-7cycIoaII^ rCs-ioaryl; 

xll) 5 r 6 membered heterocycle, unsubatituted or substituted vA\h OH, NH or C1-4 alkyi; or 
xili)aryl f 6-1 Ocarfoon atoms, either unsubstltuted or substituted with one r more of 
(a)ha! . 
• (b) hydroxy, 

(c) C1-3 alkoxy. 

(d) Ci^alkyl, 

(e) -NR2, wherein R is defined above, 
(f) 

-COR, 

(g) * 
0 

-c:NR2, 

(h) -S02NR2, 

(i) -CH2NR2, 
(J) 

0 
It 

-N-CR, 
I 

or 

(k)-NS02R; 

R 

xiv).0SiR3(R2)2 

b] aryl of 6-10 carbon atoms, either unsubstltuted or substituted with one or more of 
DCwalkyI, 

11) C1-3 alkoxy, 
ill) hydroxy, or 

iv) halo; 

v) -NR2, 
vi) 

0 . 
n 

-COR, 
vii) 
0 

- CNR2, 
vlli) -SO2NR2. 
ix)-CH2NR2, 
X) 

R 
or 

xl) - n:S02R; 
R 

c) 5 or 6 membered heterocycle; 

2) RI-SO2-, except R^ Is nor aryl, j 
3) 

r1-N-S02-, 



wherein 

RS is H or Ci-5 alkyl or Joined together with R^ either directly to form 6-7 memb red heterocycle, r 
through a heteroatom selected from N, O, and S, to form a 6-membered heterocycle with the nitrogen to 
which they are attached ; 
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4) . 

0 

5) 

R^-S-C-; 

6) (aij, .whereinqls1or2; 
-Gis 



I 

H ^ H 

I II I ° I 



wherein 2 Is O, S. or HH, and 

Is Independently 
1) hydrogen; 
2) 



?11 



f 

iio_ 

3) -OR. wherein R Is H. or C1-4 alkyi 

4) -NR2, 

5) -O1-4 alkylene-Rii; 

wherein n is 0-5 and R^o Is Independently 

a) hydrogen, 

b) hydroxy, or 
cjCt^-aikyl; 
R"is 

a) hydrogen, 

b) aiyl, unsubstltuted or substituted with one or more of 
0 halo, 

li) hydroxy, 

III) -NH2. -NO2, -NHR, or-NR2, wherein R Is H. or C1-4 alkvl 

lv)Ci-4alkyf, 

v)Ci-3aIkoxy, 

VI) -COOR. 

VII) 

0 

-CNR2, 
vill) -CH2NR2. 
ix) 

0 

-CH2NHc:R, 
X) CN, 
xDCFa. 
xii) 

? 

-NHc.R. 

xIII)aryICi.3aIkoxy, 
xlv) aryt, 

XV) -NRSO2R. 

XVI) -OP(0)(ORx)2 wherein Rx Is H or aryl. or 
xvll) 

0: 

-O-c-CwalkyI substituted with one or more famine r quaternary amine; 
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c) 5 or 6 membered heterocycle Including up to 3 heteroat ms s lected from N. O, and S, any of which 
h terocycle may be unsubstituted or substituted with one or m roof 
I) halo, 
li) hydroxy. 
Iii)-NH2,-NHR,-NR2, 

. rv)Ci-4aIkyl, 
V) Ct-3 alkoxy, 
vi) -COOR. 
vll) 

0 

-c:NR2. 
viII)-CH2NR2, 

rx)-NHCR, ^ 

x) -CN.° 15 

xi) CF3, 

xii) -NHS02R. 

xiii) -0P(0)(0Rx)2 wherein Rx Is H or aryl, or 
xiv) 

? • • 20 

-O- c -Ci^ allcyl substituted with one or more of amine or quaternary amine; 

d) Ci-6 alkyl or alkenyl, unsubstituted or substituted with one or more of 
1) hydroxy, 

ii)Ci-4 alkyl. 

Iii)-NH2,-NHR,-NR2, 25 
Iv) 

NH 
-NHCH . 
V) 

?H 30 
-NH- C- NH2, 
vi) -COOH, 
vil) 

-loR, 35 
viiI)-SRoraryIthlo, 

ix) -S02NHR, 

x) Cm alkyl suifonyl amino or aryl sulfonyl amino, 
xI)-CONHR, 

xii) 40 
0 

-NH CR, 
xlii) -OR 

xiv) aryl C1-3 alkoxy, or, 

XV) aryl; 45 

e) C3-7 cycloalkyi unsubstituted or substituted with one or more of 

i) hydroxy, 

ii) CwaIky!, 

in)-NH2,-NHR,-NHR2, • ' 

Iv) 5Q 

-NH-^ , 
V) 

NH 

-NH-i-NH2, I 55 

vi)-COOH, 

vil) 

-C-OR, 

viii) -SR, .60 

ix) -S02NH2. 

x) alkyl sulfonylamino or aryl sulfonylamino, 

xi) -CONHR. r , 
xil) 

65\ 
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0 

-NHCR: 



I) halo 

|l)^-OR, wherein R Is H or C1-4 alkyi, 



.1, 



:0R. 
Iv) 
0 

-CNR2, 
v)-CH2NR2, 

vl).SO2NR2or-S(O)yRwhereInyls0,1,or2: 1 
vIO -NR2, 

vlii) I 
0 

-NHCR, 

ixjCiMBlkyl, 
. X) phenyl, 
xi)-CF3.or 
xil) 

-N.-SO2R; 

D 15 f "^^M '"^^'^^ azablcycio Cj^i 1 cycloalkyl; or benzopiperldlnyl- 
Is -OH or-NHRi3, wherein Ri3 is -H, u:opip8nainyi. 

t 

- C H. -Ci-4-alkyl or-COOR: and 
©is 

1) C3-7 cycloalkyl either unsubstltuted or substituted with one or more of 
aj oi-4aiKyl, 

b) hydroxy, 

c) -NR2, 

d) -COOR. 

e) CONHR, 

f) -NHS02R, 

g) 

0 

-NHCR. 

h) aryl, 

i) aryl substituted with C1-4 alkyl. 
J) heterocycle, or 

k) heterocycle substituted with C w alkyI; 
2) phenyl, either unsubstltuted or substituted with one or more of 
a) hydroxy, 
'b)OR, 

c) -NHRt3, 

d) -CO0R. 
e) 

0 

-CNR2.or 
f) 

-NHlR;or 

oi mS''"*'''''' of Which heterocycle may be unsubstltuted or substituted with one 

0 halo, 

II) hydroxy, 

lii)NR2,or 

iv)Ci-4alkyl: 

QIs 
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OH HHR" W 

wherein and Ri3 are defined ab ve:XisO,S, rNH.-and 
'Wis 

1) 0H. 

2) NH2. 

3) OR. or 

4) NHR: 

B Is. Independently, absent, or 
Jls 

1)YR^^ wherein: 
YlsOorNH.and 

a) H; 

b] Ci-e alkyl, unsubstltuted or substituted with one or more of 

I) -NR|. 

II) -OR, 

lil) -NHSO2C1-4 alkyl, 

Iv) -NHSO2 aryl, or-NHS02 (dialkyiamlnoaryi). 

v) -CH20R, 

vi) -C1-4 alkyl. 
vil) 

0 
n 

-COR, 
vili)-| NR2, 
IX) 



-NH^^ NR2 ; -NH ^NR2 , 
M N 



X) 

0 

-NHCR, 
xi) 

-NS02CH3 , 

l^OH . ■ 

xll) 

xlil) -NRa^A® wherein A® Is a counterlon, 

xlv) -NR^^R^o wherein R^^ and R^^ are the same or different and are C1-6 alkyl Joined together directly to 

form a 5-7 membered heterocycle, 

xv)aryl, 

xvl)-CHO, 

xvli) -0P(0) (0Rx)2 wherein Rx Is H or aryl. or 
xvlii) 

-O- 1 -C1-4 alkyl substituted with one or more of amine or quaternary amine; 
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c)-(CH2CH20)CH3 r-(CH2CH20)nH; 

3) -NR16R16 wherein Ri5 and Rte are defined ab ye; 
4) 



T — 



r17 
-C 



-r17 



n 



wherein; ^ 

Y, R^^ and n are defined above, and 
•R^^Is 

a) hydrogen; 

b) aryl unsubstituted or substituted with one or more of 

I) halo. • ' 

li) -OR, wherein R is H or Ci-4 alkyl. 
Ill) 

0 
a 

-COR. 
fv) 
0 

-CNR2. 

v) -CH2NR2. 

vi) -SO2NR2. 

vii) -NR|. 
vlli) 

0 

-NHCR, 
b()Ct-4alicyl, 

x) phenyl, 

xi) -CF3, 
xii) 

R 

-N-SO2R. 

xni)-Ci-4alkyI-NR2, 

xfv) -0P(0)(0Rx)2 wherein Rx is H or aryl, or 

-XV) 

0 
fl 

-O- c "C1-4 alkyl substituted with one or more of amine or quaternary amine ; 
c) heterocycle, unsubstituted or substituted with one or more of 
i) halo, 

li) -OR, wherein R is H, C w all<yl, or C1-4 all<enyt, 
0 

- COR, 
Iv) 
0 

-CNR2, 
V) -CH2NR2, 
vI)-S02NR2. 
vlI)-NR2. 
vlii) . 
0 

-NHCR, 
lx)Ci-4 alkyl. 
x) phenyl, 
xl) -CF3, 
xll) 
R 

-K-SO2R, 

xin) phenyl C1-4 alkyl. 
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xiv) 
0 

-OCR, 

XV) -0P(0)(0Rx)2 Wherein R^ls H oraryl, or 
xvl) 

0 

* -O- c -Ci-4 alkyl substituted with one or more amine or quaternary amine ; 
d) A 5- to 7-membered carbocyclic or 7- to 10-membered bicyclic carbocycllc ring which Is either 
saturated or unsaturated, the carbocyclic ring being unsubstituted or substituted with one or more of 
I) halo, 

li) -OR. wherein R Is H or Ci-4 ailcyl, 
I") 

0 

-COR, I 

Iv) 
0 

-CNR2. 

v) -CH2NR2. 

vi) -S02NR2, 
viI)-NR2, 
vill) 

0 ifi 

-nhSr, 

Ix) Ci~4 aikyt, 

x) phenyl, 

xi) -CF3. 
xll) 

R 

- H -SO2R, 

xill) -0P{0)(0Rx)2 wherein Rx Is H or aryl, or 
xiv) 

0 

-O- c -C1-4 ali<yi substituted with one or more of amine or quatemary amine ; 
or pharmaceutlcaliy acceptable salts thereof. 

2. The compounds of Claim 1 wherein B Is Independently present twice and Z Is O. 

3. The compounds of Claim 2 wherein J is NH2, and Q Is 

H ^CH 
OH 



4. The compounds of Qalm 2 wherein J Is HHz, and Q Is 
P' 



I 

5. The compounds of Claim 2 wherein J Is NHz, and Q is 



H 

6h . 

6. Thee mp unds of Claim 1 wherein Bis present once and Z Is O. 

7. Th compounds of Claim 6 wherein Q is 
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H 

I ^ 
OH 



r9 
I 

CH 



8. The compounds of aalm 6 wherein Q Is 



X 



^ CHo 



9. The compounds of Claim 6 wherein Q Is 



H 



I 

OH 



10. The compounds of Claim 1 wherein B Is always absent. 

1 1. The compounds of Claim 10 wherein Q Is 



H 
I 

OH 



r9 
/ 

CH 
\ 



12. The compounds of Claim 10 wherein Q Is 
X ' CHo 

w 

13. nie compounds of aalm 10 wherein Q Is 
H 

OH 

14. The compounds of Claim 1 wherein G Is: 



-NH 



OH W 

/^\/\^ or -NH- 
O 

15. Compounds of Claim 1 wherein G Is: 
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OH R* „ 

o o 



and B Is absent or present once. 
* 1 6. Compounds of Claim 1 wherein G Is 



OH f 



-NH 




or 




B Is absent or present once; and 



J is -NH— 



r17 
I 



L_c__.,_r17 



14 



n 



17. Compounds of Claim 1 wherein: 
A Is 



0 

I 



Ri- c - or R^-S02-. with the proviso that Is not aryl when attached to S; 
GIs: 



OH ?' 




NH, Ft* 




B Is absent or present once ; and 



J is -NH- 



r17 

; 

-c — 



R 



14 



-r17 



18. N'-(1jHjImethyIethyIamInocarbonyl)-5(S)-amino-4(S)-hydroxy-6-phenyl-2(R)-(phenyImethyl^ 
noyHeucyl-phenylalanylamide, or pharmaceutically acceptable salt thereof. 

19 N'-(2,2KllmethyIpropanoyI)'5(S)-amrno-4(S)-hydroxy-6-phenyI-2(R)-(phenylmethyI)hexanoyl-leucyi- 
phenylalanyfamlde, or pharmaceutically acceptable salt thereof. 

20. N'-(2-thIeno>1)-5(S)amIno-4(S)-hydroxy'^phenyl-2(R)-(phenyImethyl)hexanoyl-Ieucyl-pheny^ 
lamlde, or pharmaceutically acceptable salt thereof. 

21. N'-(3.3-dimethylbutanoyl)-5(S)-amlna4(S)-hydroxy-6-phenyI-2{R)-(phenylmethyl)hexanoyl-leucy!- 
phenylalanylamlde, or pharmaceutically acceptable salt thereof. 

2Z N'-(3-phenylpropanoyl)-5(S)-amino-4(S)-hydroxy-6-phenyl-2(R)-(phenylmethyl)hexanoyl-leucyl- 
phenylalanylamlde. or pharmaceutically acceptable salt thereof. 

23. N-ben2yl-N'-(succlnoyl)-5(S)-amIno-4(S)-hydroxy-6-phenyI-2(R)-(phenylmethyl)hexanoyl Isoleucyl 
amide; 

N-(2(R)-hydroxy-1(S)Mndanyl)-N'-(succlnoyl)-5(S)-amlno-4(S)-hydroxy-6-phenyl-2(R)-(p^ 
thyl)hexanamlde; 

N-(2(R)-hydroxy-1(S)^ndanyl)-N'-(methanesulfonyl)-5(S)-amIno-4(S)-hydroxy-6-phenyl-2(R)-(phenylme- 
thyl)hexanamlde; . 

N-(2(R)-hydroxy-1(S)-Indanyl)-N'-(5-oxo-2(S)-tetrahydrofurancarbonyl)-5(S)-amino-4(S)-hyd^ 
nyl-2(R)-(phenylmethyt)hexanamIde, 
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N'-(2^KlimethyIpropanoyl)-5(S)-amIno-4(S)4iydro^^ hexanoyl-Leu-Phe- 
NJ-(SuccInoyl)-5(S)-amlno-»(S)+ydroxy-^h8nyl-2(R^ 

N-(2(R)-hydroxy-1(S)^ndanyl)-N42-(2-(2-m 
2(R)-benzyl-4(S)-liydroxy-6-phenylhexanainIda, 
or pharmaceutlcally acceptable salts thereof. 

24 The compounds of Qalms 1-23. In combination with an^ of the antlvirals. Immunomodulators 
• antibiotics or vaccines of Table VI. • ■■unuiiiouuwiors, 

25. A pharmaceutical composition comprising the compounds of Claims 1-23. and a pharmaceutlcallv 
acceptable earner. ' 

26 A pharmaceutical composition comprising the compound In combination according to Claim 24 and 
a pharmaceutlcally acceptable carrier. 

27. The pharmMeutical composition of Oalm 25, for use In the treatment of AIDS. In the prevention of 
Infection by HIV. In the treatment of infection by HIV. or In the Inhibition of HIV protease 
inf ■ V'^ t^^^a^^*^ composition of Oaim 26. for use In the treatment of AIDS. In the prevention of 
Infection by HIV. in the treatment of Infection by HIV. or In the inhibition of HIV protease 

29. The use of a compound of any one of Claims 1-23. for the preparation of a medicament useful for 
treating AIDS. 

30. TTie use of a combination according to Claim 24. for the preparation of a medicament useful for 
treating AIDS. 

°' a compound as claimed In any one of Claims 1-23. for the preparation of a medicament 
35 useful for preventing Infection by HIV. f f iiicun,cuiicm 

32. The use^of the combination as claimed in Claim 24 for the preparation of a medicament useful for 
preventing Infection by HIV. 

33 The use of a compound as claimed in any one of claims 1-23 for the preparation of a medicament 
useful for treating infection by HIV. 

"/^^"^ the combination as claimed In Qaim 24 for the preparation of a medicament useful for 
treating Infection by HIV. 

M^;If° Tu,^^,^ ?Sir,''°"?** '^^"'^'^ °^ "^^^ ^-23 fo"- *9 preparation of a medicament 

useful for inhibiting HIV protease. 

. ^lIT® \ fn. combination as claimed In Claim 24 for the preparation of a medicament useful for 
Inhibiting HIV protease. 

Claims for the following Contracting States: ES, GR ' 

,rn * o'd r?"^ preparing HIV protease Inhibitors, useful for the treatment of AIDS, having fomiula I 

wherein A Is 
1) 

0 

R^-c- wherein RMs 
55 a) Ci-6 alkyl either unsubstltuted or substituted with one or more of 
OCi^alkyl; 
li) hydroxy; 
in)carboxy; 

Iv) halo wherein halo Is F. CI. Br, or I; except no halo on carbon adjacent to carbonyl: 
w V) amino; 

vi) Ci-3 alkoxycarbonyl; 
vli) Ci-3 alkoxy; 

-^NRZRa wherein R2 and R3 are the same or different and are hydrogen. Ci-s alkyl it Ci-s 
alkoxyalkyl or Joined together either directly t fomi a 5-7 membered heterocycle, or through a 
G5 heteroatom selected from N, O. and S. to f rm a 6-membered heterocycle with the nitrogen to which they 



40 



45 
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are attached; 

ix) -NR2R3; 

x) -N-P-R* wherein, 

R 

R Is hydrogen rCwalkyI, 
Pis 

0 S 0 NH 
U II H H 
-C-. -C-. -S-. -C-. 

and 

R* Is H, Ci^ alkyi, Cw alkoxy. or NR2R3: , 

xi) Ca.7 cycloalkyi or Ce-i o aryl ; 

xll) 5 or 6 membered heterocycle. unsubstltuted or substituted with OH, NH or alkyl; or 
xlii) aryt of 6-1 6 carbon atoms, either unsubstltuted or substituted with one or more of 

(a) halo, 

(b) hydroxy, 

(c) Ci-3 alkoxy. 

(d) Ci-3 alkyl. 

(e) -NRz, wherein R Is defined above. 

(f) 
0 

-COR, 

(g) 

0 

-CNR2. 
(h)-S02NR2. 
(I)-CH2NR2. 
(J) 

0 
M 

f 

• R- 
or 

(k).NS02R; 

R 

xiv) -OSiR3(R2)2 

b) aryl of 6-10 carbon atoms, either unsubstltuted or substituted with one or more of 
l)Ci-4a!kyl, 

ii) Ci^ alkoxy. 

iii) hydroxy, or 
Iv) halo; 
v)-NR2, 

vi) 

0 . • 

-COR, 
vii) 

0 

- c:NR2, 
vlil) -SO2NR2, 

be) -CH2NR2, I 
x) 

d 

II 

R 
r 

xI)-nS02R; * ' 

R 
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. c)5 remembered heterocycle; 
2) RI-SO2-. except Ri Is nortuyl. 
3) 

wherefn 

4) ' I 

0 I 

rI-n-c-: 
As ■ 

5) 

? • • 

6) wherein qrs1 or 2; 
Gfs 

H 2: H 0^2 

• V II H R o 



Wherein Z O, S. or HH. and 
R^fs Independently 
1) hydrogen: 
2) 



?11 



r 



n 

3) -OR. wherein R Is H, or C1-4 alkvl 

4) .NR2. 

5) -Ci^ alkylene-Rii; 

• wherein n Is 0-5 and RIO Is Independently 

a) hydrogen, 

b) hydroxy, or 

c) Ci-4-alkyI; 
R"fs 

a) hydrogen, 

• b) aryi. unsubstituted or substituted with one or more of 
I) halo, 

fi) hydroxy, 

S c!? i?'' "^^^^ """^ " '® °' ^'-^ 

vjCi-aalko)^, 
vO-COOR, 
vll) 
0 

-CNR2. 
vin)-CH2NR2, 

IX) 

0 

-CH2NH C R. 
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X)CN. 

xl)CF3. 

xli) 

0 

-NHC R, 
, xllOarylCi-aalkoxy, 
' xlvjaiyl, 

xv)-NRS02R, 

xvl) -0P(0)(0Rx)2 wherein Rx Is H or aryl, or 
xvll) . 
0 

-O- c -Ci^ alkyl substituted with one or more of amine or quaternary amine; 

c) 5 or 6 membered heterocycle Including up to 3 heteroatoms selected from N, O. and S. any of which 
heterocycie may be unsubstltuted or substituted with one or more of 

I) halo, 

II) hydroxy, 

III) -NH2,-NHR,-NR2. 
lv)Ci-4 alkyl, 

v) Ci-3 alkoxy, 

vl)-COOR. • * 

vil) 
0 

-CNR2, 

vIII)-CH2NR2, 

bc)-NHfR. 

x)-CN.° 

xl)CF3, 

xil)-NHS02R. 

xlli) -0P{0)(0Rx)2 wherein Rx Is H or aryl, or 
xlv) 

0 
n 

-O- c -Ci-4 alkyl substituted with one or more of amine or quaternary amine ; 

d) Ci-6 alkyl or Ci-e alkenyl, unsubstltuted or substituted with one or more of 

I) hydroxy, . 

II) Ci-4 alkyl. 
Iii)-NH2,-NHR,-NR2, 
IV) 

NH 
-NHCH , 
V) 

. KH 
-NH- c- NH2, 
VI) -COOH. 
vll) 
0 

-COR. 

vlli)-SRoraryIthIo. 

Ix) -SO2NHR, . • . * 

x) C1-4 alkyl suifonyl amino or aryl sulfonyl amino, 

xI)-CONHR. 

xll) 

0 

-NHc R. 

xll!)-OR I 
xlv) aryl C1-3 alkoxy, or, 
XV) aryl; 

e) 03.7 cycloalkyi unsubstltuted or substituted with one or more of 
I) hydroxy, 

IDCwalkyI, 

Iii)-NH2,-NHR,-NHR2, 

IV) 

HH 

-NH-CH . 

V) 
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rm 

-NH-^- NH2, 
' vi) -COOH, 
vH) 
0 

-C-OR, 
vui) -SR, 
be) -SO2NH2, 

X) alfcyl suffonylamino or aryl sulfonylamlno. 

xl)-CONHR.or 

xli) 

0 

-NHCR; , 

f) a 5- to 7-membered carbocyclic or 7- to tO-membered bicycllc carbocyclic ring which Is either saturated 
or^ujsatumted.saIdc^^^ 

li) -OR, wherein R Is H or C1-4 alkyl. 
HI) 
0 

-COR, 

Iv) . • • 

0 

. - CNR2, 

v)-CH2NR2, 

vl) -SO2NR2 or -S{0)y R wherein y Is 0. 1 , or 2: 

vil)-NR2. 

vlii) 

0 

-NHcR. 
be) C1-4 alkyl, 
X) phenyl, 
xi)-CF3.or 
xli) 

-K-Sb2R; 

g) benzofuryl; Indolyl; azablcydo C7-1 1 cycloalkyi; or benzoplperldlnyl* 

R^2|s-OHor-NHRi3.wherelnRi3|s-H, 
0 

0 

- c H, -Ci-4-alkyl or -COOR ; and 
©Is 

1) C3-7 cycloalkyi either unsubstituted or substituted with one or more of 

a) Ci-4alkyl, 

b) hydroxy, 

c) -NR2. 

d) -COOR. 

e) CONHR. 

f) -NHS02R, 

g) 

0 

-NHCR, 
h)aiyl. 

f) aryl substituted with C1-4 alkyl, 
• j) heterocycle, or 

k) heterocycle substituted with Cm alkyl; 

2) phenyl, either unsubstituted or substituted with one or more of 

a) hydroxy, 

b) -OR. 

c) -NHRi3, 

d) -COOR, 
e) 

0 

-cNR2,or 
f) 

0 . 
-NHCR; or 
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3) 5 to 7-membered heterocycle, any of which heterocycle may be unsubstltuted or substituted with 
or more of . 

I) halo, 

II) hydroxy, 
ni)NR2,or 
lv)Ci-4aIkyl; 
Qls 

OH HHR'^ W i„ 

Wherein R9 and are defined above; X is 0, S, or NH; and • 
Wis 

1) 0H. 

2) NH2. 

3) OR, or 

4) NHR; 

B Is, Independently, absent, or . • 



-NH 

/ 

R 



9 



Jls 

1)YRi^ wherein: 
YlsOorNH.and 
Ri4|s 

a) H; 

b) Ci-e alkyi, unsubstituted or substituted with one or more of 

i) -NR|. 

ii) -OR, 

IIi)-NHS02Ci-4aIkyl. 

iv) -NHSO2 aryl, or-NHS02 (dialkylamlnoaryl), 

v) -CH20R, 
vl) -C1-4 ailiyi, 
vll) 

0 

-COR, 
vlli) 
0 

-CNR2, 
Ix) 

-NH^^ NR2; -NH^^^NR2, 
hi . -N 



X) 

0 

xi) 

-NSO2CH3 , 
xli) 

'6 ^ 
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10 



xni) -NR3®A® wherefn A® Is a c unterion, 

xv)aryl, 
xvl)-CHO, 

xvIO -OP(0)(ORx)2 wherein Rx Is H or aryl, or 

0 

3) -NRiSRie wherein R« and Rie are defined alx^ve; 



IS 



20 



Ri7" 
I 

-C— 



.r17 



n 



25 



30 



35 



40 



45 



SO 
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wherein: 

Y, R^4, and n are defined above, and 

R17IS 

a) hydrogen; 

b) aryl unsubstituted or substituted with one or more of 
I) halo, 

il) -OR, wherein R Is H or C1-4 alkyl 

iil) 

0 
a 

-COR, 
•Iv) 
0 

-CNR2. 

V)-CH2NR2. 
vl) -SO2NR2, 
viI)-NRj, 
vIII) 

0 

-NHCR, 
be) Ci-4 alkyl, 

X) phenyl, 

XI) ^F3. 

xil) 
R 

-N-SO2R, 
xiii)-Ci-4aIkyI-NR2, 

xlv) -0P(0)(0Rx)2 wherein Rx Is H or aryl. or 

XV) 

0 

"?u substituted with one or more of amine or quaternary amine : 

c) heterocycfe. unsubstituted or substituted with one or more of 
I) halo, 

jl) -OR, wherein RIs H, Cim alkyl, or Ci^ alkenyl, 
0 

p _ 
- -COR, 

fv) , 
0 

-CNR2, 

v)-CH2NR2. 
vl) -SO2NR2. 
vIi)-NR2. 
vlll) 
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-NHCR. 
lx)Cwafkyl. 
x) phenyl. 
xl)-CF3. 
xll) 
< R 

-K-SOzR, 

xlli) phenyl Ci^alkyl. 
xlv) 
0 

-OCR, 

xv)-OP(0)(ORx)2WhereInRxlsHoraryl.or ; 
xvl) , 

0 

-O- c -Ct^ alkyi substituted with one or more amine or quaternary amine; 

d) A 5- to 7-membered carbocycllc or 7- to lO-membered bicycllc carbocyclic ring which Is either 
saturated or unsaturated, the carbocyclic ring being unsubstituted or substituted with one or more of 

I) halo. 

II) *0R. wherein R is H or Ci-4 alkyl, 
ill) 

0 

-COR, 

Iv) 
0 

-cNRa, 
v)-CH2NR2. 
vl)"S02NR2. 
vil) -NR2. 
viil) 

-NHCR. 
be) all<yl, 
X) phenyl, 
xl)-CF3, 
xll) 

-K-SO2R. 

xlil) -0P(0)(0Rk)2 wherein Rx Is H or aryl, or 
xlv) 

0 

-O- c -Ci^ alkyl substituted with one or more of amine or quaternary amine; 
or pharmaceutlcally acceptable salts thereof, 
said process being characterized by 

a) forming the desired G component duly protected on its amine group ; 

b) coupling on to the carboxy terminal end of said protected Q component the other components B (if 
present) and/or J, either one by one or together, each component being duly protected when necessary 
by protecting groups which are adequate to both the particular coupling conditions and the aminoacid 
components and analogs thereof Involved in the synthesis, by forming amide bonds by any coupling 
method of either solution-phase or solid-phase peptide synthesis; 

c) removing the amine protecting group originally contained In the G component and adding the amine 
protecting group not useful or commonly employed In peptide synthesis (A) by reaction of the amine 
obtained with the desired A-derlvatlve; and 

d) removing any additional protecting group which could be present If desired, or If necessary. 

2. The process of Claim 1 wherein B Is Independently present twice and 2 is O. 

3. The process of Claim 2 wherein J Is NH2. and Q Is 

I 

OH 
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4. The process of Claim 2 wherein J is NH2, and Q Is 



X 



6. The process of Claim 2 wherein J Is NH2, and Q Is 



H 



6h 



6. The process of Claim 1 wherein B Is present once andZ Is O, 

7. The process of Claim 6 wherein Q Is 



H ^CH 
OH 



8: The process of Claim 6 wherein Q Is 



X 
II 



9. The process of Claim 6 wherein Q Is 
9 

I 

OH 



10. The process of Claim 1 wherein B Is always absent 

11 . The process of Claim 10 wherein Q Is 



H 
I 

OH 



r9 

i 

CH 
s 



12. The process of Claim 10 wherein Q Is 



X 
. ii 

I 

W 



CHo 
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13. Th process faalmlOwh r InQIs 



H 
OH 



14. The process of Claim 1 wherein G Is: 



OH R' 




-NH 




o R 
1 5, The process of Claim 1 wherein Q Is: 



OH R* 



'R» O R» O 



} and 



and B Is absent or present once. 
16. The process of Claim 1 wherein Q Is 

?H R* 




KH, R' 



-NH 

r' o 
B is absent or present once; and 



-NH 




[ 



»17 



J i s -NH— /— C 



Al4 



17. The process of Claim 1 wherein: 
Als 

0 

Ri- c - or R^-S02-, with the proviso that Is not aryl when attached to S; 
Qis: 



OH R' 



KHj 



R' O 

B Is absent or present once; and 
r17 

J is -NH-4— C— l-R^^ 

A" 



n 
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18. - The process of claim 1, wherein the compound obtained Is N'-(1,1-dImethyIethyIamlnocarbo- 
nyl)-5(S)-amIn -4(S)-hydroxy-6-phenyl-2(R)-(phenylmethyl)hexanoyl-leucyl-ph8nyIaIanylamtde, or phar- 
maceutlcally acceptable salt thereof. 

19. The process of claim 1, wherein the compound obtained Is N'-(2^-dImethyfpropanoyl)-5(S)-amIno- 
4(S)-hydro)cy-6-phenyl-2(R)-(phenylmethyl)hexanoyl-leucyI-phenylalanylamIde, or pharmaceutlcally ac- 
ceptable salt thereof. 

20. - The process of claim 1, wherein the compound obtained Is N'-(2-thlenoyl)-5(S)amIno-4(S)-hydroxy- 
6-pheny!-2(R)-(phenyImethyi)hexanoyMeucyl-phenylaIanyIamIde, or pharmaceutlcally acceptable salt 
thereof. 

21. The process of claim 1, wherein the compound obtained Is N'-(3,3-dimethyIbutanoyI)-6(S)-amlno- 
4(S)-hydroxy-6-phenyI-2(R)-(phenylmethyl)hexanoyl-leucyl-phenylalanylamlde, or pharmaceutlcally ac- 
ceptable salt thereof. I 

22. The process of claim 1. wherein the comijound obtained Is N'-(3-phenylpropanoyl)-5(S)-amino- 
4(S)-hydroxy-6-phenyl-2(R)-(phenyImethyl)hexanoyI-leucyI-phenyiaIanyIamIde, or pharmaceutlcally ac- 
ceptable salt thereof. 

23. The process of claim 1, wherein the compound obtained is selected from N-benzyI-N'-(succl- 

noyl)-5(S)-amino-4(S)-hydroxy-6-phenyl-2(R)-(phenylmethyl)hexanoyl Isoleucyl amide; 

N-(2{R)-hydroxy-1(S)-lndanyl)-N'-(succinoyI)-5(S)-amlno-4(S)-hydroxy-6-phenyl-2(R).(phenyIme- 
thyl)hexanamlde; 

N-{2(R)-hydroxy-1(S)-lndanyl)-N'-(methanesuIfonyI)-5(S)-amIno-4(S)-hydroxy-6-phenyI-2( 
thyl)hexanamide; 

N-(2(R).hydroxy-1(S)-indanyl)-N'-(5-oxo-2{S)-tetrahydrofurancarbonyl)-5{S)-amIno-4(S)-hydroxy-6-phe- 
nyl-2(R)-(phenylmethyl)hexanamide, 

N'-(2,2-dimethylpropanoyl).5(S)-amlno-4(S)-hydroxy-6-phenyl-2(R)-(phenylmethyl) hexanoyl-Leu-Phe- 
amlde, 

N'-{1,1-dlmethyIethyIaminocarbonyi)-5(S)-amlno-4(S)-hydroxy-2(R)-phenyImethyI-hexanoyl -Leucyi-Phe- 
nylaianyl-amlde. 

N'-(3-phenylpropanoyl)-5(S)-amlno4(S)-hydroxy-6-phenyI-2(R)-(PhenyImethyl)-hexanoyI-Leucyl-Pheny- 
lalanyl-amlde. 

N'-(Succlnoyl)-5(S)-amlno-4(S)-hydroxy-6-phenyl-2(R)-{phenyImethyl)hexanoyl-N-(phenyimethyl)-lie- 
amlde, 

N-(2(R)-hydroxy-1(S)-lndanyl)-N'-{4-t-but^dImethy!silyIoxybutanoyl)-5(S)-amIno-4(S)-hydroxy-6-phenyl- 
2{R)-(phi5nylmethyl)hexanamld©, 

N-(2(R)-hydroxy-1(S)-lndanyI)-N'-(methanesu!fonyl)-5(S)-amIno-4(S)-hydroxy-6-phenyl-2(R)-(phenylme- 
thyl)hexanamlde, 

N-{2(R)-hydroxy-1(S)-lndanyl).N'-{4-hydroxybutanoyl).5(S)-amlno-4(S)-hydroxy-6-phenyl-2(R)-phe- 
nylmethyl hexanamide, 

N'-(methanesuIfonyl)-5(S)-amIno-4{S)-hydroxy-6-phenyI-2(R)-(phenylmethyl)hexanoyl-N-[2.3-dlhydroxy- 
- propyl]-VaI-amide,or 

N-(2(R)-hydroxy-1(S)-IndanyI)-N'-[2-(2-[2-methoxyethoxy]ethoxy)ethoxycarbonylI-5(S)-amIno- 
2(R)-ben2yl-4(S)-hydroxy-6-phenyI hexanamide, 
or pharmaceutlcally acceptable salts thereof. 
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